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Introduction 
Chapter-1 
INTRODUCTION 
Since the time immemorial, Indian subcontinent has been reputed as the 
treasure of valuable medicinal plants of the world on account of vast diversity of 
climatic conditions and India enjoys the privilege of having time tested 
traditional systems of medicines based on the natural products. Plant based 
products have been in use for medicinal, therapeutic or other purposes right 
from the dav /^n of history (Sharma 2003). Additionally, India is one of the 12-
mega biodiversity centers having about 10% of the world's biodiversity wealth, 
which is distributed across 16 agro-climatic zones. Out of 17,000 species of 
higher plants reported to occur within India, 7500 are known to have medicinal 
uses. This proportion of medicinal plants is the highest known in any other 
country against the existing flora of the country. Currently, approximately 25% 
of drugs are derived from plants, and many others are synthetic analogue built 
on prototype compounds isolated from plant species in modern pharmacopoeia 
(Kala and Sajwan 2007). 
Plants have been an important source of medicine for thousands of year. 
Even today, the World Health Organization (WHO) estimates upto 80% of people 
still rely mainly on traditional remedies. It is estimated that approximately one 
quarter of prescribed drugs contain plant extracts or active ingredients obtained 
from or modeled on plant substances. According to UNDP report, the annual value 
of medicinal plants derived from developing countries is approximately 32 billion 
US dollars (Sharma 2003). There are 47 major modern pharmaceutical plant based 
drugs already present in the world market and the predicted 328 drugs are yet to 
be discovered, having market potential of 147 billion US dollar. The most popular 
analgesic, aspirin, was originally derived from species of Salix and Spiraea and 
some of valuable anti-cancer agents such 
as paclitaxel and vinblastine are derived solely from plant sources (Tripathi and 
Tripathi 2003). 
As described by Zhou and Wu (2006), from the earliest times, medicinal 
plants have been crucial in sustaining the health and well being of mankind. In 
medieval Europe, the "Doctrine of Signature" stated that there was a connection 
between how a plant looked-God's 'signature' and how it might be used 
medicinally. For example, the mottled leaves of lungwort {Pulmonaria officinalis) 
were thought to resemble lung tissue, and the plant is still used to treat ailments 
of respiratory track. In India the Vedas, epic poem written in 1500 B.C. also 
contain rich material on the herbal lore of that time. More than 80% of herbal 
drugs used in Traditional Chinese Medicine (TCM) are plant components and 
Chinese medicine is one of the most comprehensive and well documented 
traditional and folk medicines in human history. 
Increasing use of herbs for healthcare and the herbal medicine boom in 
recent years has imposed a great threat to the conservation of natural resources 
and endangered plant species. The high demand of medicinal plants in both 
domestic and international market has resulted in the over harvesting of certain 
limited natural resources, thus depriving the forest resources at an 
unprecedented rate and causing serious ecological damage. Important 
components of forest ecosystem are trees, which provide food, fuel, 
construction, industrial and medicinal product. In addition, they are recognized 
as the critical elements in maintaining stability of world atmosphere (Harry and 
Thorpe 1994). Therefore, both in situ and ex situ management is necessary for 
biodiversity conservation and consequently for plant improvement. Cheliak and 
Roger (1990) reported that the forest species represents a renewable resource 
and many attempts have been made to improve several medicinal plants by 
conventional breeding. Plant improvement involves managing genetic resources, 
and includes conservation, 
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selection, breeding and propagation which can be achieved through 
biotechnological approaches. 
Biotechnology is a priori an interdisciplinary pursuit. In recent decades a 
characteristic feature of the development of science and technology has been 
increasing resort to multidisciplinary strategies for the solution of various 
problems. This led to the creation of new interdisciplinary areas of study, with 
the eventual crystallization of new disciplines with identifiable characteristic 
concepts methodologies. European federation of biotechnology defined 
biotechnology as "the integrated use of biochemistry, microbiology and 
engineering sciences in order to achieve technological application of the 
capabilities of microorganisms, cultured tissues/cells and parts thereof". 
Bilgrami and Pandey (1992) described that the recent development in the 
area of plant biotechnology have provided a large number of tools and 
techniques which are more efficient in generating novel genetic variability and 
making selection procedures more precise and reproducible. The recombinant-
DNA technology has clubbed the whole biological world into a single gene-pool. 
It is also a new and fast growing branch of science which includes molecular 
biology, tissue culture and genetic engineering. During past decade, both basic 
and applied aspects of biotechnology have developed rapidly. Several new 
technologies have been developed which are providing valuable information in 
genetics, growth, development and reproduction of organisms. Application of 
biotechnological tools in crop improvement programme can be effective in three 
different ways: creating/ widening genetic variability through plant tissue 
culture; speeding up the process of conventional plant breeding through 
molecular breeding and evolving novel genotypes through r-DNA or genetic 
engineering technology. The tool of plant cell and tissue culture are increasingly 
being applied to wide 
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range of biotechnology venture especially to micropropagation and genetic 
improvement of plants. 
As described by Cocking (1986), the plant tissue culture revolution stems 
largely from the facts that plant tissue culture and associated cloning techniques 
provided the foundation for the exploitation of genetic engineering. Genetic 
transformation offers strategies for over expressing or suppressing endogenous 
genes. Thus, introducing new genes or manipulating endogenous gene 
expression via transformation generates new phenotypic variation useful for 
investigating gene function and for crop improvement. Tissue culture 
propagation is also a way to study the mechanism by which the cell 
differentiates, thereby providing an experimental approach to link genotype 
with phenotype. Therefore, it is clear that plant tissue culture permeates plant 
biotechnology and cements together its various aspects; to a large extent the 
tissue culture revolution has occurred because of the needs of this new plant 
biotechnology. 
Rapid, large scale clonal propagation of many plant species including 
medicinal plants is now feasible. Small tissues of many plants can be aseptically 
removed from the parent plant and artificially maintained and increased in 
number by suitable control of the medium. This process can be rapid and 
produce high quality uniform plants. Plant biotechnology has the potential to 
accelerate the genetic improvement of forest yield and in the short term, this 
impact will revolve around the cloning of selected phenotypes. This area of 
micropropagation not only allows rapid multiplication or mass production of 
identical clones of plant species but also has the following uses as listed by 
(Smith 1996): 
1. Viruses or other pathogen elimination. 
2. Essential germplasm storage instead of conventional seeds. 
3. Embryo rescue. 
4. Haploids production by anther or ovary culture, useful for cereals. 
Since last two decades, plant cell, tissue and organ culture techniques 
have emerged as an inescapable tool with possibilities for complimenting and 
supplementing the conventional methods in plant breeding. Commercial 
exploitation of plant tissue culture techniques, however, began in right earnest 
by the end of 1960s. 
In vitro culture - a key tool of plant biotechnology exploits the 
totipotency nature of plant cells, a concept proposed by Haberlandt (1902), 
recognized as the "father of plant tissue culture". The concept of Haberlandt 
was unequivocally demonstrated, for the first time by Steward et al. 1958 (see 
Trigiano and Gray 2000). Additionally, in vitro propagation of plants holds 
tremendous potential for mass propagation, improvement with the production 
of high quality plant based medicines and this can be achieved through 
different plant tissue culture techniques including micropropagation (Tripathi 
and Tripathi 2003). Micropropagation is the first and major commercial 
application of tissue culture techniques. It is currently used for a large variety 
of herbaceous and woody plants species including forest trees, through 
enhanced axillary bud formation, organogenesis and/or somatic embryogenesis 
(Ziv and Altman 2003). Micropropagation of elite, selected or recalcitrant 
genotypes generally involve four distinct stages: explant establishment, 
regeneration and proliferation, rooting and acclimatization and finally 
transplanting ex vitro. Generally, actively growing shoots are used as explant 
for mass multiplication. Stage second is crucial and achieved by various PGRs 
including auxins and cytokinins. In the third stage, shoots obtained in second 
stage are subsequently rooted either in vitro or ex vitro. Last stage of in vitro 
grown plantlets is an important step in successful micropropagation. In this 
stage, the plant gradually shifted from high humidity/low irradiance condition 
to low humidity/high irradiance, enabling them to survive under adverse 
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conditions (Rout et al. 2006). Besides micropropagation, other applied 
components of plant tissue culture technology are summarized in fig. 1. 
Secondary 
metabolite 
produciioti 
Micrografling 
Cr>oprcscrva tion 
or low temperature 
storage 
Embryo culture 
Ovary and ovule 
culture 
microspore 
culture 
Hairy root culture 
Protoplast culture 
F i g . l 
Continuous exploitation of several medicinal plant species from the wild 
and substantial loss of their habitat during the past 15 years have resulted in 
population decline of many high value medicinal plant species over the years. 
Germplasm conservation programme demand a protocol that ensure a 
sufficiently effective response over the whole range of genotypes of a plant 
species. The objectives of micropropagation and in vitro conservation are quite 
opposite in terms of their growth requirements and it is necessary to consider 
this while devising media for conservation. In vitro techniques have found 
increasing use in the conservation of threatened medicinal plants in recent 
years and this trend is likely to continue as more face risk of extinction. The 
developed protocol should be taken up and utilized not only for the 
commercialization but also for conservation. Reintroduction, augmentation and 
introduction strategies to establish new population and to increase the size of 
the population could be used but with careful monitoring for undesired results. 
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The recent development in clonal micropropagation of plants has been 
of great help in the cultivation of medicinal plants by providing standard quality 
planting material (George and Sherington 1984) and widely used for the 
commercial propagation and re-vegetation of large number of plant species, 
including various medicinal plants (Rout et al. 2000). Many medicinal and 
aromatic plants have been successfully used for in vitro regeneration and mass 
multiplication through the use of various explants (Bajaj et al. 1988, Faisal et al. 
2005a and b, Ahmad and Anis 2007a). 
In the present investigation, therefore, two important medicinal plant 
species namely Vitex negundo and Ruta graveolens have been selected for their 
in vitro regeneration, multiplication and re-vegetation in natural environment. 
The report presently available on their in vitro propagation is summarized in 
table 1 and 2. The relevant description of both the species is described below; 
1.1 Vitex negundo L. 
Vitex incisa Lam. 
Verbinaceae 
Chaste tree 
Sambhalu, nisinda, nirgundi 
Leaves and roots 
Synonym 
Family 
English name 
Hindi name 
Plant parts used 
1.1.1 Description 
Vitex negundo is an important agro-forestry tree found throughout the 
greater part of India and has been included in the list of valuable plant species 
due to its wide use in the Indian system of medicine (Kapur et al. 1994). It is a 
large (200 cm by 300 cm), woody, aromatic, deciduous small tree with 
quadrangular, densely whitish tomentose branchlets. Bark thin and grey, leaves 
tri-penta foliate. Hermaphrodite, insect pollinated flowers are bluish purple. 
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small, in cymes, forming large, terminal pyramidal panicles. Drupe globose, 
black when ripe. 
1.1.2 Location 
Nirgundi is found at an altitude of 1,500m in outer Himalayas 
(Anonymous 2003a). It is also seen in Ceylon and China. 
1.1.3 Propagation 
It can be propagated through seed sown in March in a greenhouse and 
then planted out in early summer of the following year. It can also be 
propagated through vegetative cutting of half-ripe wood, 5-8 cm in July/August 
or root sucker. It cannot grow in shade. 
1.1.4 Medicinal Uses 
The entire plant is medicinally significant. The decoction of leaves is 
considered as tonic and vermifuge, given along with long pepper in catarrhal 
fever. Leaves also possess discutient properties and are reported to be applied 
to rheumatic swellings of joints, in sprains, etc. The leaf juice is said to be used 
for the treatment of foetid discharge whilst oil prepared with the leaf juice is 
applied to sinuses and scrofulous sores (Anonymous 2003a). Various parts of 
the plant are used in the treatment of bronchitis, asthma and gastric problems. 
Betulinic acid, ursolic acid and P- sitosterol are some of its active 
constituents, recently isolated from its leaves (Chandramu et al. 2003a). 
Betulinic and ursolic acid were found to possess anticancer and anti-HIV 
properties, where as p-sitosterol showed angiogenic properties (Chandramu et 
al. 2003b). 
The roots possess tonic, febrifugal, expectorant and diuretic properties, 
widely used in dyspepsia, rheumatism and also for boils. The flowers are 
astringent and are used in fever, diarrhoea and liver complaints. The fruits are 
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given in the treatment of angina, cold, cough and rheumatic difficulties 
(Anonymous 2003a). 
1.1.5 Other uses 
It produces root sucker which can be used for planting against soil-
erosion of forest-lands affected by the floods. It also exhibits mosquito 
repellant activities. 
1.2 Ruta graveolens L. 
Rutaceae 
Common Rue 
Sadab 
Leaves, root and seeds 
Family 
English name 
Hindi name 
Plant parts used 
1.2.1 Description 
Ruta graveolens is a strong-scented, erect, glabrous, small evergreen 
shrub or semi-woody perennial 2-3 ft. (60-80 cm) tall and almost as wide. Stem 
become woody near base, but remain herbaceous nearer to tips. Leaves are 
dissected pinnate, somewhat fleshy and covered with powdery bloom. 
Paniculate cluster of hermaphrodite yellow flowers in corymbs appear in mid 
summer. 
1.2.2 Location 
Common rue is a native of the Mediterranean region and sometimes 
cultivated in Indian gardens. It is apparently no longer found in the wild, 
(Anonymous 2003b) but occasionally escapes from gardens and naturalizes 
along road sides and waste areas in North America and Europe, especially in 
the Balkans. 
1.2.3 Propagation 
R. graveolens can be propagated through seeds, and can be best sown 
as soon as they ripe. Spring sown seeds germinate in 14 days and will produce 
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plants that flower in their second year. Vegetative propagation can be carried 
out from shoot tip cuttings taken in autumn and started in moist soil. 
1.2.4 Medicinal uses 
The medicinal values are because of many secondary metabolites such 
as furocoumarins, furoquinolines and acridone alkaloids. The active principles 
are most commonly encountered in leaves, especially before blooming. An 
infusion is used as eye wash, brings quick relief to eye sight. Artists including 
Michelangelo and Leonardo da Vinci improved their creativity and eye sight by 
ingesting rue. Pale yellow or greenish oil (Rue oil) often with fluorescence has 
strong odour and bitter pungent taste and is used as anthelmintic, 
antispasmodic, antiepileptic, rubefacient and emmenagogue, particularly in 
vaternity medicine. Other reported activities of rue are antidote, anti-
inflammatory, abortifacient, carminative, emetic, expectorant, haemostatic, 
ophthalmic, stimulant and stomachic. It is also useful in hysteria and 
amenorrhea. It is applied locally in the treatment of rheumatism of joints, feet 
and loins. It also possesses antibacterial activity against Micrococcus pyogenes 
var. aureus and Escherichia coli (Anonymous 2003b). Fresh shoots are most 
active medicinally, they should be gathered before plant flower and can be 
used fresh or dried. Volatile rue oil, often with fluorescence obtained (0.06 %) 
on steam distillation of fresh material is chiefly used to encourage the onset of 
menstruation; it stimulates the muscles of uterus and pelvic congestion which 
promotes menstrual blood flow (Jougard 1977). Rue has also been taken to 
treat conditions as varied as epilepsy, vertigo, colic, intestinal worms and 
poisoning (Faisal et al. 2006b). 
1.2.5 Other uses 
Fresh or dried plant can be used as an insect repellant and is the most 
useful when grows near roses and raspberries. The dried herb can also put in 
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the linen cupboard to repel moths. Rue oil is used in perfumes and soap scent 
and it is rich in the methyl-nonyl-ketone which is used for the preparation of 
methyl-n-nonyl-acetal-dehyde, widely used in synthetic perfumes. The soap is 
recommended for control of ectoparasite insects, lice (Anonymous 2003b). 
Because of large scale and unrestricted exploitation of natural resources 
to meet its ever increasing demand by the Indian pharmaceutical industries 
coupled with limited cultivation and insufficient attempts for replenishment, 
the wild stock of these two medicinally important plant species has been 
depleted markedly. Unfortunately, natural regeneration and conventional 
propagation of Vitex negundo through vegetative cutting is rather slow and 
good number of cuttings died during transport and plantation. Propagation 
through seeds or root sucker are also not very efficient in producing sufficient 
number of planting stocks, due to poor germination of seeds and root sucker 
production is strictly age dependent (Sahoo and Chand 1998). 
The vegetative propagation of Ruta graveolens is rather slow and most 
of the shoots are not readily rooted and a high level of heterogeneity in the 
seed population was observed. 
Direct regeneration or regenerant differentiation via callus culture and 
subsequent regeneration of whole plant are essential for plant improvement 
through biotechnological interventions. Large scale propagation holds great 
promise not only for en-masse production, but also for the improvement of the 
species through genetic engineering. Tissue culture technology is a proven 
means of producing identical plants on large scale which we cannot achieve 
through seed propagation. Sexual reproduction would be expected to produce 
rapid and wide segregation. There is an urgent need to formulate appropriate 
conservation and breeding strategies to save both these versatile plant species. 
While reviewing the literature it is seen that although considerable efforts have 
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been made for in vitro culture of Vitex negundo and Ruta graveolens, but not 
much successes have been achieved for their regeneration and multiplication. 
1.3 Objectives 
The present experimental work was carried out to fulfill the following 
objectives; 
1. To establish aseptic cultures and to formulate cultural conditions for 
regeneration, multiplication and regenerants differentiation in somatic 
tissues from various explants. 
2. To evaluate the optimal medium for rooting in regenerated shootlets *. 
3. To standardized the hardening and acclimatization procedure in culture. 
4. To prepare syn-seeds using vegetative tissues ^ . 
5. To carry out the histological examinations of regenerated shoot buds ^. 
6. To study the various physiological parameters during ex vitro 
establishment of in vitro raised plantlets **. 
*Earlier reports describe in vitro rooting with different auxin combinations 
with low percentage and poor field survival. I have optimized single auxins for 
efficient in vitro rooting. To eliminate the in vitro rooting step or to combine 
the efficient and hardening process, ex vitro rooting was also attempted and 
this approach was found more efficient and economical. 
*This experiment was carried out to study the histological changes during 
morphogenesis either direct or indirect. In case o direct organogenesis, it was 
studied to know how axillary bud present in axil differentiates into multiple 
shoots. In case of direct organogenesis (through callus), the histological 
investigations was carried out to study the type of cells presents in callus and 
how these cells organized to give rise to meristematic zone which can be later 
converted into young shoots primordia. 
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^Synthetic seed opens up a new vista for in plant production program and 
can be applied for germplasm storage or means to reduce the need for 
transplanting and sub-culturing during off-season periods. During cold storage, 
encapsulated nodal segments requires no transfer to fresh medium, thus 
reduces the cost of maintaining germplasm culture. 
"Micropropagation is restricted by often high percentage of plants lost or 
damage during ex vitro transplantation. However, the acclimatization of 
micropropagated plants remains a critical stage; in the first week after transfer 
to ex vitro conditions, plantlets cope with the different stresses and have to 
adapt to the external environmental conditions. 
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Chapter-2 
REVIEW OF LITERATURE 
The history of in vitro culture begins in 1838-39 when Schleiden (1838) 
and Schwann (1839) independently stated the basis of cellular theory and 
implicitly postulated that the cell is capable of autonomy and even that it is 
totipotent. This is obvious in the case of eggs and spores wh<c^ ? are abie to 
transform themselves into complete organisms. But Schleiden and Schwann 
had no experimental evidence to show that somatic cells are also capable of 
this. Almost 130 years were required until cell totipotency could be 
demonstrated only after a very long and tortuous searching. Trecul (1853) 
described a process of wound healing and callus formation affecting numerous 
species and Votching (1878) reported many cases of callus development; some 
of them were thick. An important approach of tissue culture was discovered by 
Rechinger (1893) who tried to determine experimentally the limit of plant 
divisibility permitting tissue proliferation. He used isolated buds, slices of roots, 
stems, and other materials. The explants were placed on the surface of sand 
moistened with tap water. But he did not use nutrients or aseptic conditions; 
his culture could scarcely be called tissue cultures. However, Rechinger's 
experiments were suggested by a concept related to the tissue culture 
principles; so he was recognized as a true pioneer in this field (Gautheret 1983). 
The principles of cell culture were clearly formulated nine years later by 
Haberlandt (1902). He reported the culture of leaf mesophyll of Lamium 
purpureum and Eichornia crassipes on Knop's solution. Unfortunately the cells 
did not divide and his idea of totipotency did not come to fruition, the absence 
of PGRs in the medium may be one of the probable reasons. Haberlandt next 
turned to an indirect approach to tissue culture simifar to Rechinger's work but 
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at much more advanced level. He conducted many experiments which were 
carefully interpreted, and was the forerunner of modern investigations 
(Caponetti et al. 2000). 
Innovative plant tissue culture techniques progressed rapidly during the 
1930s due to the discovery of vitamin B5 and natural auxin which were 
necessary for the growth of isolated tissues containing meristem. The first 
regulator to be discovered, the auxin (lAA) created great opportunity for the in 
vitro culture. Duhament (1939) reported the stimulation of growth of excised 
roots by lAA. 
After 1950, rapid advancement was made, especially in the area of 
PGRs. The cytokinin emerged from the investigations of Skoog and associates 
lead to the discovery of Kinetin, a cell division promoter by Skoog and Miller 
{Trigiano and Gray 2000). 
In early 1960s, the most significant break through in the field of plant 
tissue culture was the development of a defined culture medium which 
originally devised for the rapid growth and bioassay with tobacco callus 
(Murashige and Skoog 1962). Even today, this is recognized as the most 
effective and commonly used medium in the area of plant tissue culture. 
Reports concerning the recovery of plantlets from haploids cells began to 
appear in 1960s and the first success were obtained with Datura (Guha and 
Maheshwari 1966) and Tobacco (Bourgin and Nitsch 1967). This discovery 
opened a new avenue for the plant breeders. Haploid based breeding programs 
are now in place for several major agronomic crops. 
Murashige (1974) divided the micropropagation technique in three 
major stages; Stage 1: establishment of axenic cultures. Stage 2: multiplication 
and proliferation of propagule and Stage 3: re-establishment in natural 
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environment. However, some workers in micropropagation have also added, 
stage 0: care and preparation of stock plant. 
Additionally, Murashige's stage III is further divided into stage III rooting 
in regenerated shootlets and stage IV acclimatization of plantlets, which is the 
most crucial stage in micropropagation as the plants slowly acclimatize 
themselves to the lower relative humidity. 
Recently, tissue culture technology gained unbeatable recognition in 
plant sciences for successful micropropagation and improvement of plant 
species, leading to the commercial application. A number of plant species have 
been investigated around the globe, out of which the review of some 
important medicinal plants has been categorized below; 
2.1 Direct plant regeneration 
Currently, enhanced axillary shoot proliferation from cultured meristem 
is the most frequently used method for micropropagation for the commercial 
application. It provides the genetic stability and is easily attainable for many 
plant species. Consequently, it played an important role in the development of 
a worldwide industry that produces more than 250 million plants yearly (Kane 
2000). 
The history of meristem culture essentially began with the first 
successful shoot tip culture of Nasturtium (Tropaeolium majus) and the 
formation of rooted plants (Ball 1946). Since then meristem culture has 
attracted much attention from the plant scientists. Another chapter in the 
history of meristem tip culture, which revolutionized the use of this technique 
as a tool for the clonal multiplication, was added by Morel {I960) when he 
succeeded in inducing multiple protocorm in Cymibidium. The discovery of 
cytokinin and tissue culture media (MS 1962) provided further impetus to 
meristem tip culture technique and recently proved as a commercially viable 
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technology for mass propagation of numerous crop plants (Debergh and 
Zimmerman 1991). 
Significant achievements in micropropagation of many plant species 
including medicinal plants have been described by many workers during the 
last two decades (Withers and Anderson 1986, Bajaj et al. 1988, Sharma et al. 
2002, Tripathi and Tripathi 2003, Zhou and Wu 2006). A number of factors are 
reported to influence the success of in vitro propagation of different medicinal 
plants. These factors have been reviewed by many workers (Hussey 1980 and 
1983, Hu and Wang 1983, Short and Robert 1991). 
Auxins and cytokinins are the most widely used PGRs in plant tissue 
culture and usually used either singly or in various combinations. Benjamin et 
al. (1987) has observed that BA at higher concentration (1-5 ppm) stimulates 
axillary meristems and shoot tips of Atropa belladonna, however, Rasai et al. 
(1994) observed increased number of shoot and fresh weight with the increase 
of kn level in Annona species. High level of BA (above 2 mg/l) resulted in the 
decreased number of buds, shoot length and fresh weight, reported in 
Passiflora edulis (Kanthrajah and Dodd 1990). Reduction in the number of 
regenerated shoot from axillary or apical meristem at a concentration higher 
than the optimal level was also reported for several medicinal plants (Kukreja 
et al. 1990, Sen and Sharma 1991). BA was found to be a superior PGR for 
direct multiple shoot regeneration in various medicinal plants as documented 
by several authors (Saxena et al. 1998, Anis et al. 2005, Faisal et al. 2005a and b 
and 2006c and d, Shahzad et al. 2007). 
Similarly, it has been observed that cytokinin is required, in optimal 
quantity, for shoot proliferation in many genotypes but inclusion of low 
concentration of auxins along with cytokinin triggers the rate of shoot 
proliferation (Table 3). 
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The rate of in vitro regeneration and multiplication greatly depend on 
subculturing of proliferating shoot cultures; in prolonged cultures, the 
concentration of nutrients in the medium is gradually exhausted, and at the 
same time, the relative humidity of culture vessel decreases, leading to drying 
of the developing shoots, as the high humidity in flask or tube helps to promote 
the rapid shoot grow/th (Apostolo et al. 2005). 
The shoot multiplication rate gradually increases with the increase in 
number of subculture. The frequency of shoot development is reported to 
increase upto few subcultures, beyond which a gradual decline was recorded as 
in Picrorhiza kurroa (Upadhyay et al. 1989). Sahoo and Chand (1998) reported 
highest value (100%) of shoot development during first two culture passages in 
Vitex negundo. Whereas, Chandramu et al. {2003b) observed an increase in 
regeneration frequency even upto fifth subculture. Saxena et al. (1998) 
reported an average of 3-4 fold multiplication in Psoralea corylifolia, while in 
Kaempferia galanga (Shirin et al. 2000), the multiplication rate was increased 
upto 13 fold on subculturing and much more higher rate was reported in 
Leptadenia reticulata (Arya et al. 2003), which was achieved by dividing the 
shoot clumps into three or four sub-clumps and multiplied on same fresh 
medium. Rapid production of clonal plants through node culture in Dioscorea 
floribunda is one of the best examples of success in which more than a million-
fold increase in multiplication rate over the conventional method has been 
reported (Chaturvedi et al. 1975). However, plant regeneration from shoot 
apices and single node culture was also reported in Dioscorea deltoidea 
(Chaturvedi 2007). 
2.1.1 Effect of thidiazuron 
Plant growth regulator (PGR) studies and plant tissue culture research 
are closely inter-related and mutually supportive. The manipulation of plant 
22 
cell, tissue and organs in culture with important applications in propagation 
and modification of plants is highly dependent on the use of an appropriate 
PGR regimes, conversely, tissue culture system are useful as bioassays to define 
the growth regulating activity of many compounds (Mok et al. 1987). At least 
two distinct groups of chemicals are known to have cytokinin activity: purine 
based A/^  substituted adenine derivatives (BA), and phenyl urea derivatives, 
including thidiazuron (TDZ) (Yip and Yang 1986). TDZ (N-phenyl-N 1,2,3-
thidiazol-5-ylurea, is primarily used as cotton defoliant (Arndt et al. 1976) and 
exhibit strong cytokinin-like activity similar to that of A^^-substituted adenine 
derivatives (Mok et al. 1982). The morphogenetic responses in which TDZ has 
been found to mimic cytokinin like activity was 20 times more effective in 
dormancy breaking (Wang et al. 1986) and used successfully in plant 
regeneration systems of many plant species (Ahmad et al. 2006b and c, Ahmad 
and Anis 2007b, Huetteman and Preece 1993, Khurana et al. 2005) including 
many medicinal plants viz. Hydrangea quercifolia (Ledbetter and Preece 2004), 
Rauvolfia tetraphylla (Faisal et al. 2005b), Psoralea corylifolia (Faisal and Anis 
2006), Cassia angustifolia (Siddique and Anis 2007a), Pterocarpus marsupium 
(Husain et al. 2007) and Vitex negundo (Ahmad and Anis 2007a). Additionally, 
continuous or more than critical exposure to TDZ resulted in stunted or 
abnormal shoot development. Its deleterious effect has also been well 
documented in several plant species (Faisal et al. 2005b, Ahmad et al. 2006b 
and c, Ahmad and Anis 2007a and b, Huetteman and Preece 1993, Khurana et 
al. 2005). 
2.2 Callus induction and plant regeneration 
The undifferentiated mass of profusely dividing cells popularly known as 
callus is the initial stage of indirect plant development. In vitro callus can be 
induced from various parts of the plants like hypocotyl, cotyledon, root, inter-
23 
node, leaf or floral organs and has multiple uses (Khurana et al. 2005). The 
induction of callus growth and subsequent differentiation and organogenesis is 
accomplished by the differential application of growth regulators and the 
controlled environmental conditions in the culture medium (Tripathi and 
Tripathi 2003). Explants when cultured on the appropriate medium, usually 
with both an auxin and cytokinin, gave rise to an organized, growing and 
dividing mass of cells. In culture, callus proliferation can be maintained more or 
less indefinitely, provided that the callus is subcultured on the fresh medium 
periodically. 
Callus cultures are extremely important in Plant Biotechnology and there 
are several reports on the regeneration of various medicinal plants in callus 
cultures (Table 4). Auxins generally stimulate callus formation (Faisal and Anis 
2003, 2005) but in some cases phenyl urea derivative TDZ, was also found to 
possess callus induction properties. TDZ singly induces callusing when 
administered at higher than 0.4 fiM in cotyledon explants of Acacia sinuata 
(Shahzad et al. 2006). However, the combination of TDZ with an auxin (NAA) 
greatly influences the callus formation frequency in leaf explants of Cimicifuga 
racemosa (Lata et al. 2002). Faisal and Anis (2003) reported callus formation in 
leaf explants of Tylophora indica with the application of 2,4-D or 2,4,5-T in 
which 100% cultures showed callus induction on MS medium supplemented 
with 2,4,5-T at high level of 10.0 |iM. The characteristics of callus were also 
greatly influenced by the concentration of auxins and cytokinins. In general, 
maximum callus induction frequency was observed on a high level of auxin with 
low cytokinin level. The maximum callus induction frequency from stem callus 
of Rata graveolens was observed in a combination of 2,4-D and BA (Faisal et al. 
2006b). However, considerable amount of callus formation was observed with 
the combination NAA and BA in Leucaena leucocephala (Maity et al. 2005). 
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Callus formation was not observed in PGR free MS medium, explants on control 
medium became necrotic and showed no sign of callus formation. Gao and 
Bjork (2000) reported callus induction and plant regeneration in shoot tip 
explant of Valeriana officinalis with the manipulation of various combination 
and concentrations of auxins (lAA, IBA and NAA) and cytokinins (BA and Kn), 
whereas the successful callus induction and plant regeneration in Cymibidium 
ensifolium was reported by Chang and Chang (1998) on MS medium containing 
2,4-D and TDZ. Sateesh and Bhavanandan (1988) reported the callus induction 
and plant regeneration in Plumbago rosea using appropriate PGR regime. 
Depending on the culture medium, explant type and photoperiod, a high 
frequency of shoot, root and microtuber production was also reported in 
Dioscorea alata (Mantell and Hugo 1989). Successful plant regeneration via 
callus cultures was achieved from various explants o^ Asparagus cooper (Ghosh 
and Sen 1989). Plant regeneration through leaf callus has been achieved in 
Cephaelis ipecacuanha on MS medium with the combination of Kn and NAA 
(Rout et al. 1992). Effect of NAA and BA on high frequency shoot bud induction 
and plant regeneration was observed in Ornithogalun) umbellatum (Nayak and 
Sen 1995). Basu and Chand (1996) achieved shoot bud differentiation and 
plantlet formation from root callus of Hyoscyamus muticus on MS medium 
supplemented with BA and NAA whereas, successful plant regeneration system 
via callus cultures of various explants (leaves, stem, petiole and roots) was 
developed in Psoralea corylifolia (Saxena et al. 1997) in which the addition of 
adenine sulphate (5 mg/l) in the medium resulted in quick growth of shoot 
buds within 4 weeks of culture. In vitro organogenesis in Zingiber officinale 
with maximum shoot regeneration was observed on MS media augmented 
with BA and lAA in combination with (100 mg/l) adenine sulphate (Rout and 
Das, 1997). High frequency adventitious shoot regeneration from inter-nodal 
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explants was also observed in Mentha arvensis (Shasany et al. 1998). Further, 
successful plant regeneration from stem and leaf callus on MS medium 
containing BA (4 mg/l), Kn (2 mg/l), NAA (0.25 mg/l) was reported in Centella 
asciatica (Patra et al. 1998). Rapid plant regeneration in callus cultures of 
Plumbago zeylanica was achieved (Rout et al. 1999). Influence of different 
PGRs on high frequency plant regeneration via leaf callus was also reported in 
Coleus forskholii (Reddy et al. 2001). Efficient regeneration system has also 
been achieved from leaf explant in Solanum laciniatum (Okslar et al. 2002) and 
Echinacea pallida (Koroch et al. 2003). Rapid and efficient method for in vitro 
regeneration of Tylophora indica from stem derived callus was developed and 
maximum regeneration frequency (80%) was observed on MS medium 
supplemented with Kn (5.0 jiM) alone (Faisal and Anis 2005). However, only 
50% culture showed regeneration on MS medium containing a combination of 
Kn (5.0 |LIM) and NAA (0.5 |iM). Further increase in NAA concentration reduced 
the regeneration frequency to 20%. 
2.3 Rooting 
The success of in vitro regeneration relies on efficient rooting in 
regenerated shoot and their subsequent acclimatization. The in vitro 
regenerated microshoots of various medicinal plants were rooted on MS basal 
medium devoid of growth regulator (Cristina et al. 1990, Saxena et al. 1998, 
Faisal and Anis 2003). Rooting in various plant species greatly depend on the 
strength of MS medium with or without growth regulator. Half strength MS 
medium in the absence of plant growth regulator was found to be more 
effective for rooting when compared to full strength in Potentilla potaninii (He 
et al. 2006). The ease of root formation on auxin free medium may be due to 
the availability of endogenous auxin in the shoots in vitro (Minocha 1987). 
However, in some cases, strength of MS medium did not affect the rooting 
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frequency (Sharma and Chandel 1992, Anis and Faisal 2005, Ahmad et al. 
2006a, Pandey et al. 2006, Rajeshwari and Paliwal 2006). 
Presence of low concentration of various auxins in half strength MS 
medium facilitates better rhizogenesis (Sahoo and Chand 1998, Martin 2002, 
Faisal et al. 2006a, Hemborm et al. 2006, Husain and Anis 2006b). MS or half 
strength MS medium with various concentrations of different auxins (lAA, IBA 
and NAA) was tested for the root induction in a number of medicinal plants. 
Among the auxins tested, IBA was found to be the most suitable for in vitro 
rooting (Kim et al. 1997, SreeKumar et al. 2000, Faisal and Anis 2002, Liu et al. 
2003, Feyissa et al. 2005, Faisal et al. 2005a, Faisal et al. 2006c, Faisal et al. 
2007). However, NAA in Yi MS was found effective in in vitro rooting of various 
plant species (Ahmad and Anis 2005, Ahmad et al. 2006b, Ahmad et al. 2006c, 
Burdyn et al. 2006). Sharma and Chandel (1992) used various auxins in rooting 
experiment of Tylophora indica, although the auxins induced rooting with 
varying degree but lAA at a concentration of 0.1 mg/l gave the optimal 
response (92%). Kanthrajah and Dodd (1990) reported that NAA was effective 
for root induction but no response was obtained with IBA in Passifloro edulis. 
Heat shock also facilitates rooting frequency, as reported in Gladiolus, where it 
resulted in increased root number and rooting was induced in 5 days of heat 
shock. Out of the various temperatures tested for giving heat shocks (35, 40, 45 
and 50 °C), best result was observed at 50 °C (Kumar et al. 1999), however, 
temperature was not an important factor for root induction in regenerated 
shoots of Potentllla potaninnii (He et al. 2006). In vitro rooting in Aloysia 
polystachya was induced without plant growth regulators (Sansberro and 
Morginski 1995). A short period exposure/pretreatment of the in vitro 
regenerated shoots with either NAA or IBA at a higher concentration (500 \xM) 
stimulated the root morphogenetic process (Burdyn et al. 2006). Similar rooting 
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pattern was also reported in Olea europaea (Santos et al. 2003) and Albizia 
odoratissima (Rajeshwari and Paliwal 2006). Combination of various auxins also 
influence the in vitro rooting frequency and optimum response of root 
induction was obtained with IBA combined with lAA in many plants (Kim et al. 
1997, Sahoo and Chand 1998, Chandramu et al. 2003b). Various phenolic 
compounds (phloroglucinol, chlorogenic acid and salicyclic acid) also facilitate 
the in vitro rooting of recalcitrant leguminous species and phloroglucinol was 
found to be a promotive phenolic compound in Pterocarpus marsupium (Anis 
et al. 2005, Husain et al. 2007). The positive effect of phloroglucinol on rooting 
has been reported earlier (Hammatt and Grant 1996, Zanol et al. 1998). 
2.4 Synthetic seeds 
Recent advances in plant biotechnology have made the synthesis of 
artificial seeds a reality. The artificial seed (also known as synthetic, syn or 
manufactured seeds) is an encapsulated somatic embryos, sown and 
germinated in the same manner as a conventional seed. Due to low success 
and high cost of somatic embryo production, buds, shoots, bulbs or other 
meristematic tissue that can produce a whole plant may also be encapsulated 
which are also considered as "artificial seeds" (Pond and Cameron 2003). At a 
conference in 1977, Murashige first publicly addressed the concept of artificial 
seed and since then different approaches have been actively pursued to make 
it a viable technology and numerous studies were undertaken in this practice 
oriented field of plant biotechnology (Tsvetkov and Hausman 2005). This opens 
up a new vista for future plant production program and can be applied for 
germplasm storage or means to reduce the need for transplanting and 
subculturing during off-season periods. During cold storage, encapsulated 
nodal segments requires no transfer to fresh medium, thus reduces the cost of 
maintaining germplasm cultures (West et al. 2006). 
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Encapsulation of somatic embryos for the production of synthetic seeds 
has been reported in many plant species including medicinal plants viz. Carica 
papaya (Castillo et al. 1998), Arnebia euchroma (Manjkhola et al. 2005) and 
Rotula aquatica (Chithra et al. 2005). Recently encapsulation of in vitro derived 
vegetative propagule for the production of synthetic seed has been employed 
as a suitable alternative to the use of somatic embryos (Bapat and Rao 1988, 
Piccioni and Standardi 1995, Ballester et al. 1997, Adriani et al. 2000, Pattnaik 
and Chand 2000, Chand and Singh 2004, Tsvetkov and Hausman 2005, Faisal et 
al. 2006a, Kavyashree et al. 2006, West et al. 2006, Faisal and Anis 2007). Naj-
alginate encapsulated vegetative propagule can be used in clonal propagation, 
conservation and exchange of plant materials between laboratories (Maruyama 
et al. 1997). The percent conversion of encapsulated nodal segments into 
complete plantlets was quite high in comparison to non-encapsulated explants 
after 4 weeks of storage at 4 °C as reported in Tylophora indica (Faisal and Anis 
2007). According to species, storage needs, and use of the synthetic seeds, the 
explant encapsulated in alginate matrix, supplemented with necessary 
ingredients which served as an artificial endosperm, thereby providing 
nutrients to the encapsulated explants for re-growth (Bapat and Rao 1992, 
Nieves et al. 1998). Antonietta et al. (1999) reported that the synthetic 
endosperm should contain nutrients and a carbon source for germination and 
conversion. The synthetic seeds demonstrated high adventitious rooting 
capacity after sowing (Ganapathi et al. 1992, Bapat 1993), however in some 
cases, they did not perform well (Hasan and Takagi 1995, Piccioni and Standardi 
1995, Maruyama et al. 1997, Faisal et al. 2006a). Chand and Singh (2004) 
treated nodal segments of Dalbergia sissoo with IBA for 10 days, prior to 
encapsulation to allow root formation. In vitro axillary bud encapsulation under 
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minimal growth of Eucalyptus grandis was also reported earlier (Watt et al. 
2000). 
2.5 Acclimatization 
Micropropagation has been extensively used for the rapid multiplication 
of various plant species and considerable efforts have been directed to 
optimize the conditions for in vitro stages of micropropagation, but process of 
acclimatization of tissue culture raised plants to the natural environment has 
not fully been studied (Hazarika 2003). Micropropagation is restricted by often 
high percentage of plants lost or damaged during ex vitro transplantation 
(Pospisilova et al. 1999). However, the acclimatization of micropropagated 
plants remains a critical stage; in the first week after transfer to ex vitro 
conditions, plantlets cope with the different stresses and have to adapt to the 
external environmental conditions (Aragon et al. 2005). Malfunctioning of the 
different structures and processes controlling the water status of the plant as 
well as poor development of the photosynthetic apparatus are the major 
constraints for the better acclimatization (Preece and Sutter 1991). A number 
of researches has been conducted to solve the various problems related to 
acclimatization such as relative humidity, high humidity increase the survival 
percentage of micropropagated plants (Kozai 1991). Another problem 
associated with the tissue culture is the occurrence of high percentage of 
hyperhydric shoot which is a physio-morphological malformation, resulted in 
poor establishment and increased cost of production. In hyperhydric shoots, 
leaves usually manifested, no epicuticular wax formation, poor cuticle 
development, and improper function of stomata resulted in excessive water 
loss and poor photosynthetic capacity in ex vitro acclimatized plants (Ziv 1991, 
Chen et al. 1998, 2006). 
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High exogenous sucrose content in the medium has been shown to 
considerably diminish the photosynthetic ability of plants culture in vitro 
(Argita et al. 2002). Exogenous sugar in the medium could suppress the 
photosynthetic gene expression, reduce chlorophyll content, Calvin cycle 
enzyme as well as reduce Rubisco activity and Rubisco concentration leading to 
low photosynthetic rate (Fuentes et al. 2005). However, exogenous sugar in 
some cases improves photosynthesis and help in successful acclimatization (De 
la Vina et al. 1999). The acid invertase enzyme, coverts sucrose to glucose and 
fructose, shows an increase during the beginning of the elongation phase, due 
to the necessity to degrade the sucrose in culture medium (Van et al. 2001). 
Later on at the end of acclimatization phase, an increase was observed, 
indicating that this enzyme plays a determinant role in the transport and 
exportation of sugar within the plant. During the elongation phase, the 
mixotrophic behavior of planted shoots was evident, due to relatively high level 
of photosynthesis (Aragon et al. 2005). Several growth retardants which reduce 
damage due to wilting without deleterious side effect have been suggested in 
micropropagation (Smith et al. 1991). ABA is considered as a growth retardant 
which may alleviate 'transplantation shock' and speed up acclimation of 
tobacco plantlets to ex vitro conditions (Pospisilova et al. 1998). Leaf surface 
covering agents, such as glycerol, paraffin and grease also promoted ex vitro 
survival of herbaceous species, but have not been evaluated over a long term 
or examined on woody species (Selvapandiyan et al. 1988). Many laboratories 
do not perform in vitro rooting because of labor-intensive and expensive. In 
vitro rooting has been estimated approximately 35-75% of the total cost of 
micropropagation (Debergh and Maene 1981). An approach combining rooting 
and acclimatization step by ex vitro rooting has also been applied successfully 
in various plants species (Ahmad et al. 2007a and b, Faisal et al. 2007). Hazarika 
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et al. (1996) reported ex vitro acclimatization of micro-shoots (2 cm) of Aegle 
marmelos from proliferating cultures and rooted in soilrite, after giving pulse 
treatment with IBA and NAA at 10 ppm for 2 min, where approximately 80% of 
shoots rooted well. 
2.6 Genetic stability 
In vitro regenerated plants are susceptible to genetic changes due to 
culture stress and may exhibit somaclonal variation (Larkin and Scowcroft 
1981). Mutations generated from somaclonal variation are almost similar to 
those generated by mutagen (Perez 1998) and has been employed in the 
improvement programs of several crop species (Hwang and Ko 2004). The 
major hindrance of somaclonal variation is the identification of genetic 
variations within the regenerated plants and their genetic stability in 
succeeding generations. Genetic stability and maintenance of the variant 
germplasm is mandatory for the crop improvement program (Martin et al. 
2006). On the other hand, occurrence of somaclonal variation is a potential 
drawback when propagation of an elite plant is intended; where clonal fidelity 
is required to maintain the advantages of desired genotype (Rahman and 
Rajora 2001, Lattoo et al. 2006). Several strategies can be applied to assess the 
genetic fidelity of in vitro derived clones, but most of them have certain 
limitations (Rout et al. 1998). Allozymes markers can be used for detecting 
cryptic somaclonal variation but these markers are limited by both number and 
amount of polymorphism and their developmental regulated gene (Bindiya and 
Kanwar 2003). Isozyme markers also provide convenient method of assessing 
the genetic variation but are subjected to ontogenic variations (Rout et al. 
1998). DNA markers are more attractive means for examining the genetic 
changes since they are not developmentally regulated and recently, various 
PCR-based molecular techniques including RAPD, RFLP, AFLP and ISSR have 
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proved to be powerful tool used for a quick assessment of the genetic stability 
of micropropagated plants. Application of these techniques to evaluate genetic 
integrity has been applied successfully in several plants species (Rout et al. 
1998, Archak et al. 2003, Ray et al. 2006, Bindiya and Kanwar 2003, Molinari et 
al. 2003, Martin et al. 2004). The application of higher concentration of growth 
regulator and the recurrent subculture for indefinite period also hinders 
maintenance of genetic fidelity in the tissue culture raised clones (Sahijram et 
al. 2003). 
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MATERIALS AND METHODS 
3.1 Plant materials and explants source 
The experimental material viz. leaves, nodal segments and shoot apices 
were collected from a 10 year old mature tree of Vitex negundo and one year 
old plant of Ruta graveolens maintained at the Botanical garden of the 
University. 
3.2 Culture media 
Regeneration of whole plant in vitro greatly depends on the composition of 
media used. Several workers have used various formulations of culture media 
depending on their requirements. In the present study, the basal culture 
medium proposed by Murashige and Skoog (1962) was used for the in vitro 
cultivation of plant tissues. This medium is composed of three basic 
components. 
(1) essential elements (supplied as a complex mixture of salts) 
(2) an organic supplement (vitamins and/ or amino acids) and 
(3) a fixed carbon source (generally supplied as sugar, sucrose). 
For practical purpose, the essential elements are further divided into the 
following categories; 
(a) macro elements (major or macronutrients) 
(b) micro elements (minor or micronutrients) and 
(c) an iron salts (Na2EDTA usually used with FeS04 which allow slow and 
continuous release of iron into the medium). 
Complete tissue culture medium is usually made by combining, several 
different components of MS, as outlined in table 5. 
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Table 5. Nutritional composition of Murashige and Skoog's (1962) medium 
Constituents 
Macronutrients 
MgS04. 7H2O 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
Micronutrients 
H3BO3 
MnS04.7H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
Kl 
FeS04.7H20 
Na2EDTA 
Organic supplements 
Vitamins 
Thiamine HCI 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Others 
Glycine 
Sucrose 
Annount (mg/l) 
370 
170 
1900 
1650 
440 
6.2 
22.3 
8.6 
0.25 
0.025 
0.025 
0.83 
27.8 
37.3 
0.5 
0.5 
0.5 
100 
2.0 
30,000 
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3.3 Preparation of culture medium 
3.3.1 Preparation of stock solution 
The constituents of MS medium given in table 5 were prepared in four 
stocks (Table 6), consisting of I major salts (20x concentrated), II minor salts 
(200x concentrated), III FeS04.7H20 and Na2-EDTA (lOOx concentrated) and IV 
organic nutrients except sucrose (lOOx concentrated) by dissolving the 
required amount in measured volume of double distilled water. The reason for 
preparing different stock solutions are that certain kinds of chemicals, when 
mixed together will precipitate and not remain in solution. The stock solutions 
were stored in a refrigerator at 4 °C and regularly checked for visible 
contamination. To prepare one liter of medium 50 ml of stock solution I, 5 ml of 
stock solution II and 10 ml each of stock solution III and IV were taken. 
For each plant growth regulator, separate stock solutions were prepared 
by dissolving it in a small quantity of appropriate solvent (IN NaOH or absolute 
alcohol) and then the desired volume was adjusted with DDW to make an over 
all concentration of 1 mM. The different concentration of growth regulators 
used in the present study was prepared from stock solutions by using the 
following formula; 
SiVi = S2V2 
Where, 
Si = Strength of stock solution 
Vi = Volume of the stock solution required 
Sj = Strength of desired solution 
V2 = Volumeof desired solution 
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Table 6. Stock solutions for MS medium 
Constituents 
Stock solution 1 
MgS04. 7H2O 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
Stock solution II 
H3BO3 
MnS04.7H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
Ki 
Stock solution III 
FeS04.7H20 
Na2EDTA 
Stock solution IV 
Thiamine HCI 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Glycine 
Amount (mg/l) 
7400 
3400 
38000 
33000 
8800 
1240 
4460 
1720 
50 
5 
5 
166 
2780 
3730 
50 
50 
50 
10000 
200 
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3.3.2 Growth regulators and carbon source 
Depending upon the experiments, MS medium was variously 
supplemented with growth regulators such as 6-benzyladenine (BA), 6-
furfurylaminopurine (Kn), 2-isopentanyladenine (2iP), thidiazuron (TDZ), indole-
3-acetic acid (lAA), indole-3-butyric acid (IBA), a-naphthalene acetic acid (NAA), 
2,4-dichlorophenoxy acetic acid (2,4-D) and 2,4,5-trichlorophenoxy acetic acid 
(2,4,5-T) in various concentrations and combinations as indicated in the results. 
3% (w/v) sucrose was added in all the experiments as a sole carbon source. 
3.3.3 pH adjustment and gelling of the medium 
The pH of the medium was adjusted to 5.8 by IN NaOH using pH meter 
(L613, Elico Pvt. Ltd., India). The medium was solidified with 0.8% (w/v) agar 
(Qualigens, India Ltd.) or 0.25% (w/v) phytagel (Sigma-Aldrich, India) and 
heating it in a microwave oven until a clear solution was formed. All the 
glasswares used were of Borosil make and 20 ml nutrient media was dispensed 
each in 25 x 150 mm capacity culture tubes and 50 ml in 100 ml capacity wide 
mouth flask. All culture vessels containing medium were plugged with non-
absorbent cotton wrapped in a single layer of muslin cloth (cotton plug). 
3.4. Sterilization 
3.4.1 Sterilization of medium 
All culture vials containing media were tightly plugged, wrapped with 
butter paper and autoclaved at 121 °C at 1.06 Kg cm"^ for 15 min. 
3.4.2 Sterilization of glass wares and instruments 
All the glasswares, instruments (wrapped in aluminum foil or butter 
paper) and distilled water etc. were sterilized by autoclaving. The instruments 
viz. forceps, scalpel etc. made up of stainless steel were also sterilized by 
autoclaving at 121 °C at 1.06 Kg cm'^ for 20 min. 
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3.4.3 Sterilization of laminar airflow hood 
Prior to inoculation, the laminar air flow cabinet was sterilized by giving 
the ultraviolet treatment (provided by SOW, UV tube, Phillips, India) for 30 min. 
The working surface of laminar was disinfected by wiping with 70% ethanol 
before any operation under hood. 
3.4.4 Sterilization of explants 
Young shoots of Vitex negundo and Rata graveolens were harvested 
from the plants growing at the Botanical garden of the University and washed 
thoroughly under running tap water for half an hour. The washed stem 
segments were treated with 5% (v/v) freshly prepared Teepol (Qualigens, 
Mumbai, India), a liquid detergent for 10 min and washed thrice in distilled 
water. This was followed by surface sterilization with 0.1% (w/v) mercuric 
chloride (HgCl2) for 5-7 min and then rinsed thoroughly (7-8 times) with sterile 
distilled water in order to remove traces of sterilent before implantation. 
3.5 Inoculation and incubation 
The sterilized shoots were trimmed off and explants viz. nodal, inter-
nodal segments, shoot tip and leaf segments were excised aseptically and 
transferred to sterile agar solidified medium in culture tubes (25 x 150 mm). All 
these operations were performed under aseptic conditions of laminar airflow 
hood by using sterilized instruments and distilled water. The metallic 
instruments like forceps, scalpel etc. were time-to-time re-sterilized during 
inoculation by dipping them in rectified spirit followed by their flaming and 
cooling. All the culture vials were placed in a growth room at 25 ± 2 °C, 55 + 5% 
relative humidity under a 16/8 h light/ dark cycle with a photosynthetic photon 
flux density of 50 jimol m'^s"' provided by 2 x 40W cool white fluorescent lamps 
(Phillips, India). The effect of various medium (MS, L2, B5 and WPM)* and 
(*L2- Phillips and Collins, 1979; B5- Gamborg et al. 1968; WPM-Lloyd and McCown, 1980) 
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different pH levels (4.6, 5.2, 5.8, 6.4 and 7.0) on morphogenesis were also 
assessed using optimal combination of PGRs. All the cultures were sub-cultured 
onto the same fresh medium after 3-4 weeks. 
3.6 Rooting 
Rooting was attempted in vitro and ex vitro. For in vitro root induction, 
the regenerated shoots from shoot clusters were excised and submitted to MS 
medium supplemented with different concentrations (0.1, 0.5, 1.0 and 2.0 \xM) 
of various auxins (lAA, IBA and NAA). 
For ex vitro rooting, the basal cut ends of the healthy shoots of Vitex 
negundo were dipped in lAA, IBA or NAA (100, 200, 300, 500 and 1000 ^iM) for 
10 min washed with distilled water and then planted in small thermocol cups (8 
cm diameter) filled with sterile soilrite (Keltech Energies Ltd., Bangalore) and 
covered with transparent polythene membranes. Data on percentage of 
rooting and mean number of roots per shoot were recorded 4 weeks after 
transplantation. 
3.7 Synthetic seeds production 
3.7.1 Plant material and explant source 
Nodal segments approximately 3 mm long dissected aseptically from in 
vitro established (6 weeks old) cultures of Vitex negundo and Ruta graveolens 
were used as explants for encapsulation. 
3.7.2 Encapsulation matrix 
Different concentrations 2, 3, 4 and 5% (w/v) of sodium alginate were 
prepared using liquid MS medium. For complexation 25, 50, 75, 100 and 200 
mM CaCl2 solution was prepared (Faisal and Anis 2007). Both, the gel matrix 
and complexing agent were sterilized by autoclaving at 1.06 Kg cm'^ for 15 min 
after adjusting the pH to 5.8. 
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3.7.3 Encapsulation, planting media and culture conditions 
Encapsulation was accomplished by mixing the nodal segments from in 
vitro regenerated shoots of V. negundo and R. graveolens into the sodium 
alginate solution and dropping them into the calcium chloride solution. The 
droplets containing the explants were held for at least 30 min to achieve 
polymerization of the sodium alginate. The alginate beads were then collected, 
rinsed with sterile liquid MS medium and transferred to sterile filter paper in 
petridishes for 5 min under the laminar airflow hood to eliminate the excess of 
water and thereafter planted into petridishes containing MS nutrient medium 
with the various combinations of Kn and NAA. 
The medium was gelled and autoclaved as stated above. All the cultures 
were also maintained at the same temperature, light and humidity as stated 
above for shoot induction and multiplication. 
3.7.4 Low temperature storage 
Synseeds (encapsulated and non-encapsulated nodal segments) were 
transferred in Petri-dishes containing agar medium and stored in a laboratory 
refrigerator at 4 °C. Five different low temperature exposure times (1, 2, 4, 6 
and 8 weeks) were evaluated for regeneration. After each storage period, 
encapsulated and non-encapsulated nodal segments were placed on MS 
medium with or without growth regulators for conversion into plantlets. The 
percentage of encapsulated nodal segments forming shoot and root were 
recorded after 6 weeks of culture to regeneration medium. 
3.8 Hardening and acclimatization 
Plantlets with well developed shoots and roots were removed from the 
culture medium, washed gently with tap water and transferred to thermocol 
cups containing sterile garden soil, soilrite and vermicompost, moistened with 
Yi MS lacking organic supplements placed under diffuse light (16/8h 
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photoperiod) conditions. Potted plantlets were covered with a transparent 
polythene membrane to maintain high humidity and irrigated every 3 days with 
half strength MS salt solution for 2 weeks. The membranes were opened after 
2 weeks in order to acclimatize plants to field conditions. After 4 weeks, 
acclimatized plants were transferred to pots containing normal soil and 
maintained in a greenhouse, finally transferred to field under full sun. 
3.9 Evaluation of genetic stability 
Ten micropropagated plants of Vitex negundo were selected randomly 
from the plants transferred to field for the evaluation of genetic homogeneity 
using PCR based ISSR marker technique. 
3.9.1 DNA extraction and PCR amplification conditions 
Genomic DNA was extracted from the leaves of the selected plants 
following the method described by Doyle and Doyle (1990). The extracted DNA 
was tested for purity index (A 260/280 absorbance ratio) on UV visible 
spectrophotometer (Systronics, India) and for size, purity and integrity on 1% 
agarose gel at lOOV for 30 min to Ihour. For ISSR maker analysis, primers UBC-
801, 880, 900 and 899 from the University of British Columbia, Canada (UPC Kit 
#9) was used (Table 7). PCR for ISSR markers amplification (Zietkiewicz et al. 
1994) was performed on a Palmcycler (Corbett Research, Australia), 
incorporating 2 \i\ (30 ng) genomic DNA to 8 \i\ reaction mix containing Ix PCR 
buffer, 0.1 mM each of dNTPs, 2.5 mM MgCl2, 0.8 nM primers and 1.0 unit of 
Taq polymerase. The PCR amplification programme consisted of a cycle of 90 °C 
for 3 min, 30 cycles each of 30 sec at 94 °C, 30 sec at 50 °C and one min at 72 
°C; a final extension cycle of 10 min at 72 °C. DNA amplification products were 
fractioned by electrophoresis on 2% agarose gel with 0.5 pig/ml ethidium 
bromide at 100 V for 2.5 hour and visualized in U.V. transilluminator (Biorad, 
USA). 
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3.10 Physiological and biochemical studies. 
A set of in vitro regenerated plantlets with well developed shoot and 
roots were selected. Leaf sannples were taken at transplantation day (day 0, 
control) and after 1, 14, 21, 28 days and stored in liquid nitrogen for 
biochemical analysis 
3.10.1 Leaf gas exchange measurements 
The net photosynthetic rate (PN) of in vitro regenerated plants were 
measured during different stages (0, 7, 14, 21 and 28) of acclimatization on 
fully expanded leaves using portable Infra Red Gas Analyzer (IRGA, LICOR 6400, 
Lincoln, USA) on the basis of net exchange of CO2 between leaf and 
atmosphere by enclosing the leaf in the leaf chamber, and monitoring the rate 
at which the CO2 concentration changed over a short time intervals (10-20 sec). 
The net photosynthetic rate was expressed as |imol CO2 m"^  s"^  
3.10.2 Chlorophyll and carotenoids estimation 
The chlorophyll (chlorophyll a and b) and carotenoids from leaf tissue 
was estimated by using the method of MacKinney (1941) and MaChlachlan and 
Zaiick (1963) respectively. 
3.10.2.1 Procedure 
About 100 mg fresh tissues from interveinal areas of leaves were grind 
in 5 ml acetone (80%) with the help of mortar and pestle. The suspension was 
filtered with Whatman filter paper number-1, if necessary the supernatant was 
regrinded, washed and filtered, the total filtrate was taken in graduated test 
tubes and final volume was made upto 10 ml with 80% acetone. 
3.10.2 .2 Estimation 
The optical density (O.D.) of chlorophyll solution was read at 645 and 
663 nm wave lengths and for carotenoids, the O.D. was read at 480 and 510 
nm wavelengths with the help of a spectrophotometer (UV-Pharma Spec 1700, 
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Shimadzu, Japan). The chlorophyll and carotenoids contents were calculated 
according to the formula given below: 
Chlorophyll a (mg g"^  fresh tissue) 
_ \2J(O.D.663)- 2.69(O.D.645) ^^  ^^  
dxlOOOxW 
Chlorophyll b (mg g"^  fresh tissue) 
^ 22.9(aD.645)- 4.68(aD.663) ^ ^ ^^  
dxlOOOxW 
Carotenoids (mg g'^  fresh tissue) 
^ 7.6(6>.D.480)-1 •49(aD.510) ^^  ^^  
dxlOOOxW 
Where, 
O.D. = Optical density at the given wavelength 
V = Final volume of chlorophyll extract in 80% acetone 
W = Fresh weight of leaf tissue 
D = Length of light path 
3.10.3 Estimation of carbonic anhydrase (CA) activity 
The enzyme CA catalyses the reversible hydration of carbon dioxide 
(CO2) to give the bicarbonate ion 
carbonic anhydrase + 
H2O + CO2 • H^  + HCOa 
It was assayed by adopting the method of Dwivedi and Randhwa (1974). 
3.10.3.1. Procedure 
Plant leaves were sampled from each sample randomly. Leaves were cut 
into small segments (1 cm^) at a temperature below 25 °C. After mixing them, 
200 mg leaf pieces were weighed and cut further into small pieces (2-3 mm 
length) in 10 ml 0.2 M cystein in a petridish at 0 to 4 °C. After being cut, the 
solution adhering at their surface was removed with the help of a blotting 
paper followed by transfer immediately to a test tube, having 4 ml phosphate 
buffer of pH 6.8. To this 3.4 ml 0.2 M sodium bicarbonate (NaHCOa) in 0.02 M 
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sodium hydroxide (NaOH) solution and 0.2 ml 0.002% bromothymol blue 
indicator was added. After shaking, the tube was kept at 0-4 °C for 20 min. 
3.10.3.2. Enzyme assay 
CO2 librated during catalytic action of enzyme on NaHCOs was 
estimated by titrating the reaction mixture against 0.05 N hydrochloric acid, 
using methyl red as an indicator. The control reaction mixture was titrated 
against 0.05 N hydrochloric acid. The difference of sample and control reading 
was recorded for the calculation of enzyme activity. 
The activity of enzyme was determined by the following formula. 
Vx22xN . . ^ « I - i ir . -1 
m M CO2 (g ) fresh mass s 
W 
Where, 
V = Differences in volume (ml) of hydrochloric acid used in 
control and sample 
22 = Equivalent weight of CO2 
N = Normality of HCL 
W = Weight of leaves (mg) used 
3.10.3.3. Preparation of Reagents 
0.002% Bromothymol blue indicator in ethanol 
0.002 g bromothymol blue was dissolved in approximately 100 ml 
ethanol. 
0.2M Cystein solution 
48 g cystein was dissolved in sufficient DDW and final volume was made 
upto 1 litre with DDW. 
O.OS N Hydrochloric acid 
4.3 ml pure hydrochloric acid was mixed with 995.7 ml DDW. 
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0.2 M Phosphate buffer (pH 6.8) 
This was prepared by dissolving 27.8 g sodium dihydrogen ortho-
phosphate and 53.65 g di-sodium hydrogen orthophosphate in sufficient DDW 
separately and final volume (1000 ml) was made up with DDW. To achieve pH 
6.8, 5 ml of monobasic sodium phosphate solution was mixed with 49 ml of 
dibasic sodium phosphate solution and diluted to 200 ml with DDW. 
0.2 M Sodium bicarbonate solution in 0.02 M sodium hydroxide solution 
16.8 g sodium bicarbonate was dissolved in aqueous sodium hydroxide 
solution (0.8 g NaOH/100) and final volume was made upto 1 litre with sodium 
hydroxide solution. 
3.11. Histology 
3.11.1 Fixation and storage 
The differentiating explants were fixed in FAA solution consisting of 
Formalin: Glacial Acetic Acid: Alcohol (70%) in the ratio of 4:6:90 (v/v). The 
fixed samples were stored in 70% alcohol. 
3.11.2 Embedding and sectioning 
Standard method of paraffin embedding (Johansen 1940) was followed 
for histological studies. Ethanol-xylol series was used for dehydration and 
infiltration. For complete infiltration of plant materials to be sectioned were 
kept in a vacuum oven at 60 °C for 15 min. Sections (longitudinal and 
transverse) of 10 \xm thickness were cut from the wax block of samples using a 
Spencer 820 microtome (American Optical Corp. Buffalo, New York) and 
resulting paraffin ribbons were spread on clean slides, drick over night in an 
oven at 37 °C. The sections were de-waxed by immersion in xylene and passed 
through a series of deparafinizing solutions. 
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3.11.3 Staining 
Deparafized sections were immersed in cuoplin jar filled with 1% 
ethanolic safranin for Yi hour, washed with absolute alcohol and stained finally 
in fast green solution. Excess stain was removed with clove oil. Permanent 
slides were made by mounting in Canada balsam. The sections were examined 
under a light microscope (Olympus CH 20i, Japan). 
3.12 Chemicals used 
Most of the chemicals like Vitamins (Thiamine HCI, Pyridoxine HCI, 
Nicotinic acid, Myo-inositol and Glycine) and Plant growth regulators (BA, Kn, 
2iP, TDZ, lAA, IBA, NAA) etc. were obtained from Sigma Aldrich Pvt. Ltd., New 
Delhi, India and/or from Sigma-Aldrich (St. Louis Mo, USA). Other major and 
minor salts, buffer components were procured from Qualigens, MERCK and/ or 
SRL. All chemicals used were of analytical grade. 
Glasswares, such as, test tube (25 x 150 mm) petri-dishes (17 x 100 mm), 
wide mouth flasks (100 ml and 250 ml) used during the experiment were 
procured from Borosil, India. 
3.13 Statistical analysis 
All the experiments were repeated thrice. The effect of different 
treatments was quantified and data was analyzed statistically using SPSS ver. 
11 (SPSS Inc., Chicago, USA) and Microsoft Office-Excel 2003 (Microsoft Corp. 
USA). The significance of differences among means was carried out using 
Duncan's multiple range test (DMRT) at P = 0.05. The results were expressed as 
the means ± SE of three repeated experiments. 
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"ResuCts 
Chapter-4 
RESULTS 
4.1 Vitex negundo 
4.1.1 Direct shoot regeneration in nodal explant 
4.1.1.1 Effect of cytokinins 
The effect of various plant growth regulators (BA, Kn and 2IP) on shoot 
bud induction and plant regeneration from nodal explant (Fig. 2A) has been 
shown in table 8. Explants cultured on MS basal medium served as control and 
did not promote axillary bud initiation and eventually necrosed, where as the 
presence of growth regulators favored axillary bud initiation and the 
considerable enhancement in response was achieved with the application of 
different PGRs. Cytokinins (BA, Kn and 2iP) at various concentrations (0.1, 0.5, 
1.0, 2.5, 5.0 and 10.0 |ilVl) had a marked effect on multiple shoot induction and 
plant regeneration from nodal explants and significant differences were 
observed on percent response, number of shoot and shoot length. PGRs at all 
the concentrations singly facilitated multiple shoot formation after 2 weeks of 
incubation. BA was found to be most effective as compared to other cytokinins. 
Kn and 2iP showed almost similar type of morphogenetic response (Table 8). 
BA at 0.1 )iM exhibited 1.8 ± 0.37 shoot per explant (Fig. 2B), and the number 
of shoots increased with increase in concentration upto 5.0 \xM and thereafter 
a slight decrease in number of shoots per nodal segment was detected. The 
maximum regeneration frequency (87.6 ± 1.45) was observed on MS medium 
supplemented with 5.0 i^ M BA, which also induced the highest mean number 
(7.4 ± 0.50) of shoots (Fig. 2C-D) with maximum shoot length (4.5 ± 0.41 cm). 
52 
E 
u 
to 
c 
_aj 
o 
o 
c 
n 
o 
o 
o 
c 
c (0 
a; 
J* <u 
r^ m o ^ 
m en in m 
t - t a i m r > r ^ O L n r M r o L n r ^ c o u D m 
^ T t r o c o f M L n r M f s i f o r o m c o m f M 
d d d d d d o d d 
o 
d 
o o o o o o o o o 
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
o q r o o i o i n u ) ( N o q p c n r v j ^ o q o o q r q T - - ; r > . 
( N r o r n ^ ^ r n r > i r » J c n c n ^ ( N v - i f S ( N r o ^ r o 
•4 - U 8 3 
00 O 
m Si 
o m o r ^ r > . o o o o ^ O T H i ^ o o o 
o 
d 
r n b q ^ t n L n S f N r n c o ^ i / i i o r s i o q o o r o L n t o 
d d d d d d d d d d d d d d d d d d 
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
^ o q u 3 ' ! r o q ( N o q < N o q ^ D « ) ^ ( N « ) r s f r s ( ^ 00 
TH (N ro ^ 
C O Q. 
«/) o 
+1 
o 
d 
ro o> ro d ^ 
<N <N r>i (N 
r^ m 00 
P ^ ^ O o q r n p q r o O o o i o r r i S 
T H t H r - l f S r M r M f N f N f M r M r s I 
4-1 -i-i +1 +1 +1 +1 +1 +i +1 +1 +1 +1 +1 +1 +1 
r n v D « X ) U 3 U 3 r o u 3 r n o r o o o p p c n 
^ d d T H h ^ c n o ^ o 6 i n u 3 T H " ! J d T - i < ! t 
c o i n i ^ o o o o v D r s r M ' ^ i r y r N y j r M r o ^ 
^H rsl (N 
+1 +1 +1 
UD CO O 
ID r^ 
q 
d I I I 
rH Lf) q in q ~ 
d d T-i (N ir> 2 
o 
JO 
3 
bo 
a; 
o 
o 
d r-j Lo q LT) q d d r-i (N Lfi 
< 
CO 
q »-; LO q LTi q 
d d d <H (N uS 
+-> 
o 
I/) 
c 
01 
c 
a> 
E 
'^ 
(U 
Q . 
X 
<u 
• o 
a; 
• M 
CO 
<u 
Q. (b 
* - 10 
^ cm 
•^ c 
.E 2 
ro p 
I - i/i 
+-> -
,_ c 
QJ ™ 
Q. ^ 
OJ Q 
re 00 
QJ -
L . ^ ^ 
« - ^ "^  
q o 
^ d 
°^ 
^ £ 
QJ QJ 
X I OJ 
m *^ 
-a ^ 
c >. 
re •j: 
re 
+1 o 
i/i E 
c c 
re do 
QJ - ^ 
|i 
QJ QJ 
CO * -
01 re 
Q . OJ 
OJ *-> 
1_ 4 - ' 
QJ 
to — 
QJ Q; 
™ re 
> 1/1 
53 
Thus, 5 [iM BA was considered as the optimum concentration for maximum 
regeneration and Kn and 2iP were less effective at 5 |iM as they induced 4.6 ± 
0.50 and 5.2 ± 0.58 shoots per explant respectively (Fig. 2E-F). Slight basal 
callusing was observed which was removed during subculturing as a 
precautionary measure because callus formation retarded the shoot 
multiplication rate. 
4.1.1.2 Effect of auxins and cytokinin 
Combined effect of various auxins (lAA, IBA and NAA) at different 
concentration (0.1, 0.5, 1.0 and 2.0 piM) with optimal concentration of BA was 
evaluated on multiple shoot induction and the morphogenetic responses are 
summarized in table 9. BA alongwith NAA exhibited a synergetic effect on 
multiple shoot formation. 91.6% shoot formation frequency with 11.2 shoots 
per explant (Fig. 3A) was observed on MS medium containing BA (5.0 ^iM) + 
NAA (0.1 |iM). Nodal segments cultured on MS medium augmented with 5.0 
|iM BA and 0.5 ^iM NAA gave the maximum percentage (97.6 ± 1.45) response 
with 16.4 ± 0.60 shoots per explant (Fig. 3B-C). The percentage and number of 
shoots per nodal segment increased with the increasing concentration of NAA 
upto 0.5 )iM. However, a gradual decrease in number of shoots per explant was 
observed at lower (0.1 |iM) or higher concentration (1.0 and 2.0 |j.M) of NAA. A 
number of axillary shoots were formed within 3 weeks of incubation, and new 
shoot initials were developed adjacent to these axillary buds and their number 
increased when subcultured onto fresh medium (Fig. 3D-E). Among the various 
auxins tested, NAA was found to be most effective followed by lAA and IBA 
which were comparatively less effective (Table 9). 
In order to improve shoot induction frequency, effect of Kn with 
different auxins (NAA, lAA and IBA) at various levels (0.1, 0.5, 1.0 and 2.0 ^M) 
was also evaluated and results obtained have been summarized in Table 10. 
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Explanation of Fig. 2A to F 
A. Nodal explants collected from a field grown plant. 
B. Explants showing emergence of multiple shoots on MS + BA (1.0 \iM), 
after 4 weeks of incubation. 
C. Explant with multiple shoots on MS + BA (5.0 |iM), after 4 weeks of 
incubation. 
D. Ibid- after 8 weeks of incubation. 
E. Explant showing axillary shoot developed from nodal explants on MS + 
Kn (5.0 |iM), after 4 weeks of incubation. 
F. Culture showing multiple shoots on MS + 2iP (5.0 [xM), after 4 weeks of 
incubation. 
Explanation of Fig. 2A to F 
A. Nodal explants collected from a field grown plant. 
B. Explants showing emergence of multiple shoots on MS + BA (1.0 \iM), 
after 4 weeks of incubation. 
C. Explant with multiple shoots on MS + BA (5.0 piM), after 4 weeks of 
incubation. 
D. Ibid-after 8 weeks of incubation. 
E. Explant showing axillary shoot developed from nodal explants on MS + 
Kn (5.0 piM), after 4 weeks of incubation. 
F. Culture showing multiple shoots on MS + 2iP (5.0 piM), after 4 weeks of 
incubation. 
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Explanation of Fig. 3A to E 
A. Culture showing multiple shoots differentiation from nodal explant on 
MS + BA (5.0 nM) + NAA (0.1 piM), after 4 weeks of incubation. 
B. Culture showing multiple shoot induction from nodal segment on MS + 
BA (5.0 \iM) + NAA (0.5 nM), after 6 weeks of incubation. 
C. Culture showing shoots multiplication with expanded leaves in a flask 
after 8 weeks of incubation. 
D. Ibid, after 10 weeks of incubation. 
E. Cultures showing large scale multiplication. 

The presence of NAA along with Kn in the MS medium further improved the 
shoot induction as well as number of shoots per explant. Among the four NAA 
concentrations tried alongwith 5.0 f^ iVI Kn, 0.5 \iM NAA gave the optimum 
result where a maximum of 80.0 ± 1.15 % cultures responded with a mean 
number of 8.2 ± 0.37 of shoots per explant (Fig. 4A). 
Among the various combinations of Kn and lAA tested, the maximum 
regeneration frequency (75.0 ± 1.73%), highest number (7.2 ± 0.58) of shoot 
with maximum shoot length (5.0 ± 0.44 cm) was observed on MS medium 
containing Kn (5.0 ^M) + lAA (1.0 \iM) after 8 weeks of culture. However Kn + 
IBA showed reduced regeneration frequency in comparison to NAA and lAA. Kn 
(5.0 |iM) in combination with IBA (1.0 ^iM) was found to be the least effective 
treatment that exhibited 6.0 + 0.70 shoots with average shoot length of 5.2 ± 
0.25 per explant (Table 10). 
The continuous process of induction and multiplication of shoots could 
be successfully repeated 8-10 times by subculturing primary mother tissues 
after 4 weeks on the same shoot induction medium (data not shown) 
containing BA and Kn in combination with various concentration of auxins and 
cytokinins (Fig. 4B-D). 
4.1.1.3 Effect of thidiazuron 
The nodal explants placed on MS basal medium lacking TDZ (served as 
control) did not show any morphogenetic response and failed to produce 
shoots even after 8 weeks of incubation. Medium supplemented with different 
concentrations of TDZ individually stimulated axillary shoot sprouting within 
one week of culture. The composition of MS medium with TDZ greatly 
influenced the efficiency of multiple shoot formation. Of the various 
concentrations of TDZ tested, 1.0 |iM was the most effective in inducing 
highest percentage (98.3 ± 1.6) with maximum shoot multiplication 
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Explanation of Fig. 4A to D 
A. Culture showing multiple shoots induction on MS + Kn (5.0 piM) + NAA 
(0.5 \xM), after 6 weeks of culture. 
B. Multiple shoots on MS + BA (5.0 \xM) + NAA (0.5 ^iM), after 6 weeks of 
culture. 
C. Ibid- after 8 weeks. 
D. Cultures showing a cluster of small to medium sized shoots with well 
defined leaf growth on MS medium supplemented with BA (5.0 piM) + 
NAA (0.5 [xM), after 8 weeks of culture. 

(24.8 ± 0.96) (Fig. 5C-D). There was a linear correlation between the increase in 
TDZ concentration upto the optimal level (1.0 piM) and number of shoots per 
explant. In contrast, higher concentration of TDZ (2.5 piM and above) 
suppressed shoot formation during the same 8 weeks culture period and 
reduction in the number of shoots generated form each node at a 
concentration higher than the optimum level was observed (Fig. 5). In the 
present investigation, the number of shoots induced per explant was quite high 
but their elongation was not evident even after 6 weeks of culture on the same 
medium containing TDZ, indicating its inhibitory effect on shoot elongation. 
Additionally, extended or more than 4 weeks exposure with TDZ resulted in 
abnormal shoot development with fasciation and distortion of regenerated 
shoot buds (Fig. 7A-B). The problem of shoot elongation was overcome by 
transfer of TDZ exposed explants to a medium lacking TDZ or containing BA (1.0 
(iM) and NAA (0.5 )iM) for different time periods (2, 4, 6 and 8 weeks). The 4 
weeks exposure to TDZ containing media was found to be the optimal time 
period for maximum (24.8 ± 0.96) shoot formation (Fig. 7E) per explant after 8 
weeks of incubation (Fig. 6). 
4.1.1.4 Effect of pH 
pH of the medium play an important role in nutrients uptake and shoot 
proliferation. Therefore, the effect of different pH (4.6, 5.2, 5.8, 6.4 and 7.0) of 
the medium was also tested on MS medium supplied with the optimum 
concentration of BA (5.0 \xM) and NAA (0.5 )iM) combination. The optimum pH 
for the shoot multiplication and elongation was observed at 5.8 where 
maximum (16.4 + 0.60) shoots per explant was harvested and thereafter a 
gradual decreasing trend was observed. The shoot multiplication rate was 
severely affected with the decrease in pH below 5.8 where the acidic nature of 
media inhibited shoot proliferation (Fig. 8). 
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Fig. 5 Effect of TDZ concentrations on percent response, mean number of shoots and 
mean shoot length per nodal segments of Vitex negundo, after 8 weeks of incubation. 
The bars represent mean ± S.E. Bars denoted by the same letter within response 
variables are not significantly different (P= 0.05) using DMRT. 
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Explanation of Fig. 7A to E 
A. Culture showing distorted shoots on MS medium with TDZ (5.0 piM) on a 
continuous exposure. 
B. Ibid. 
C. Culture showing multiple shoot development with healthy growth from 
nodal explant on MS + TDZ (1.0 \iM), after 4 weeks of culture. 
D. Culture showing shoot differentiation on MS + TDZ (1.0 pM) for four 
weeks, prior to their transfer to MS + BA (1.0 pM) + NAA (0.5 pM), after 
8 weeks 
E. Ibid-mass culture. 

4.1.1.5 Effect of various media 
Media proposed by various workers greatly influenced the regeneration 
frequency due to their different formulations that's why effect of four different 
basal media {B5, MS, WPM and L2) were also evaluated with the optimum 
concentration of BA (5.0 i^ M) and NAA (0.5 \xM) for improvement in shoot 
multiplication and elongation. The MS medium was found to be the most 
suitable for maximum shoot induction. 85 exhibited poor response for all the 
evaluated parameters and showed least number of shoots (6.2 ± 0.58) per 
explant, while WPM expressed almost similar response to MS medium. 
However, L2 gave the satisfactory result with a mean number (9.8 ± 0.73) of 
shoots per explant (Fig. 9). 
4.1.2 Direct shoot regeneration in shoot tip explant 
4.1.2.1 Effect of cytokinin 
18 treatments, representing various concentrations (0.1, 0.5, 1.0, 2.5, 
5.0 and 10 |iM) of three different cytokinins (BA, Kn and 2iP) were tested singly 
for the production of multiple shoots from shoot tip explants (Fig. lOA). The 
explants on a PGR-free medium (control) did not exhibit shoot bud formation 
even after 4 weeks of incubation, turned brown and finally died. Shoot tips 
cultured on MS medium supplemented with different cytokinin exhibited 
multiple shoot formation with varied frequency. When BA (5.0 |iM) was 
supplemented individually, a maximum of 3.6 ± 0.50 shoots were produced 
(Fig. lOB). BA was found to be superior cytokinin for axillary bud initiation and 
subsequent proliferation (Table 11). Although, MS medium containing Kn and 
2iP gave rise to fewer shoots (2.4) per explant (Fig. lOC-D), height of 
regenerated shoots was almost similar in all the cytokinins. The cytokinin BA 
has been commonly used for the induction and multiplication of apical 
meristem in many plants. In the present investigation, a comparison of the 
59 
18 
I 
I 
I 
Number of shoots 
Shoot length (cm) 
5.8 
Medium pH 
Fig. 8 Effect of medium pH on shoot proliferation from nodal segments of Vitex negundo 
supplemented with BA (5.0 piM) in combination with NAA (0.5 \iM). The bars represent 
mean ± S.E. Bars denoted by the same letter within response variables are not 
significantly different (P= 0.05) using DMRT. 
Medium 
Fig. 9 Effect of different medium on shoot multiplication from nodal segment of Vitex 
negundo supplemented with BA (5.0 nM) + NAA (0.5 [xM). The bars represent mean ± 
S.E. Bars denoted by the same letter within response variables are not significantly 
different (P= 0.05) using DMRT. 
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Explanation of Fig. lOA to D 
A. Shoot tip explants collected from a mother plant maintained at botanical 
garden. 
B. Explant with multiple shoots on MS + BA (5.0 |iM), after 8 weeks. 
C. Explant with shoot induction on MS + Kn (5.0 \xM), after 8 weeks. 
D. Explant with shoot induction on MS + 2iP (5.0 \iM), after 8 weeks. 

relative effectiveness of different cytokinin for multiple shoot formation 
revealed the order of effectiveness as BA> Kn> 2iP. 
4.1.2.2 Effect of auxins and cytokinin 
The efficiency of shoot induction from shoot tip explants on MS medium 
supplemented with BA (5.0 |iM) in combination with different concentration 
(0.1, 0.5, 1.0 and 2.0 fiM) of various auxins (lAA, IBA and NAA) was also 
evaluated. Of the different treatments tried, 5.0 fiM BA in combination with 0.5 
[iM NAA gave optimum result where a maximum of 65.0 ± 1.73 percent 
cultures responded with a mean number of 4.8 ± 0.58 shoots per explant (Fig. 
IIB-D). Beyond the optimal concentration, the regeneration frequency 
decreased upto 58.0 ± 2.08 percent with mean number of shoots (3.2 ± 0.96) 
per explants (Table 12). However, presence of lAA and IBA (0.1 and 0.5 |iM) in 
BA supplemented medium for shoot multiplication was less effective than NAA 
(Fig. HE). A maximum of 4.6 ± 0.50 shoots per explant was observed at 1.0 \xM 
lAA and 5.0 |iM BA. At higher concentration (beyond optimal level), both the 
auxins (lAA and IBA) were least effective (Table 12). 
Effect of Kn along with different auxins (lAA, IBA and NAA) at various 
levels (0.1, 0.5, 1.0 and 2.0 fiM) were also studied and the observations have 
been depicted in table 13. Kn along with NAA in MS medium was found to be 
optimum for maximum shoot induction as the highest regeneration frequency 
(52.6 ± 2.90) percent with maximum number (4.4 ± 0.67) of shoots per explants 
was recovered in a combination of 5.0 \xM Kn + 1.0 piM NAA (Fig. HA). On 
increasing the concentration of NAA beyond 1.0 \xM, a slight decrease in 
regeneration frequency (48.3 ± 2.02%) but with a drastic reduction in shoot 
number (2.8 ± 0.58) per explant was recorded. lAA and IBA in combination with 
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Explanation of Fig. I IA to E 
A. Culture showing direct multiple shoot induction in shoot tip explant on 
MS + Kn (5.0 |iM) + NAA (0.1 |iM), after 4 weeks of incubation. 
B. Culture showing direct multiple shoot induction in shoot tip explant on 
MS + BA (5.0 [iM) + NAA (0.5 nM), after 4 weeks of incubation. 
C. Culture showing shoot multiplication on MS + BA (5.0 nM) + NAA (0.5 
HM), after 4 weeks. 
D. Ibid- after 8 weeks. 
E. Various stages of regeneration in shoot tip explant (5.0 |iM BA + 0.5 piM 
IBA), (5.0 uM BA + 0.1 piM lAA), (5.0 piM BA + 0.5 piM NAA). 

Kn, was found to be least effective and did not improve the regeneration 
frequency as well as the number of shoots per explants (Table 13). 
4.1.2.3 Effect of thidlazuron 
The shoot tip explants cultured on basal medium without TDZ (control) 
failed to produce shoot buds even after 6 weeks of incubation. On the other 
hand, MS basal medium supplemented with 0.1, 0.5, 1.0, 2.5 and 5.0 piM TDZ 
showed swelling of explants, followed by differentiation of shoot primordia 
with varied regeneration frequencies. The induction of shoots was enhanced by 
increasing the concentration of TDZ from 0.1 - 1.0 \xM (Fig. 12). The highest 
percentage of explant producing 9.2 ± 0.58 shoots was observed with 1.0 ^M 
TDZ augmented medium after 8 weeks of incubation (Fig. 12). A decrease in the 
number of shoots was noticed when the concentration of TDZ was increased 
from 1.0 to 2.5 or 5 piM where least number of shoot formation (3.8 ± 0.48) 
was observed. The most effective treatment for maximum induction and 
growth of shoot was recorded at 1.0 nM TDZ (Fig. 14A-B). Earlier, there was a 
slow initiation of shoots during the first 2 weeks of culture. However, after 4 
weeks, instead of shoot formation explants showed shoot clusters and failed to 
produce shoots. The higher concentration and continuous exposure of explants 
to TDZ may loss regeneration potential in tissue culture studies. Therefore, a 
precaution about the concentration and TDZ exposure is necessary while using 
TDZ for in vitro regeneration. 
Explants cultured for different time periods (2, 4 and 6 weeks) on 
different TDZ concentrations produced various responses. The frequency of 
induction and growth of shoot was found to vary significantly depending on the 
concentration of TDZ as well as the time period. The maximum mean number 
of healthy shoots (9.2 ± 0.58) was noticed (Fig.13) after 4 week exposure to 
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Fig. 12 Effect of TDZ concentrations on mean number of shoots and shoot length per 
shoot tip explants of Vitex negundo after 8 weeks of incubation. The bars represent 
mean ± S.E. Bars denoted by the same letter within response variables are not 
significantly different {P= 0.05) using DMRT. 
s 
E 
3 
1.0 
TDZ(MM) 
Fig. 13 Effect of various concentrations of TDZ and time of exposure on mean number of 
shoots per shoot tip explants, after 8 weeks of incubation. The bars represent mean ± 
S.E. Bars denoted by the same letter within response variables are not significantly 
different (P= 0.05) using DMRT. 
TDZ. Explants exposed to 2 or 6 weeks with TDZ also presented good survival 
rate but yielded less number of shoots per explant. 
The use of TDZ for longer than 6 weeks or continuous exposure resulted 
in the formation of fasciated or distorted shoots which led to the death of 
primary shoot buds. The shoot buds induced after 2, 4 and 6 weeks in TDZ 
cultures were transferred to MS basal medium without PGR or supplemented 
with 1.0 nM BA in combination with 0.5 (iM NAA to facilitate shoot 
multiplication and elongation. Continued production of shoot initials was 
obtained when TDZ exposed explants were sub-cultured onto the shoot 
elongation medium containing cytokinin and different auxin. New shoot initials 
were formed from the explant and their proliferation was enhanced when NAA 
(0.5 |iM) in combination with BA (1.0 ^M) was added in the medium (Fig. 14C) 
prior to the 4 weeks exposed explant to 1.0 jiM TDZ (Data not shown). 
4.1.3 Rooting of regenerated shootlets 
Adventitious or axillary shoots produced in the clusters in a medium 
containing cytokinin generally lacks root system. To obtained complete 
plantlets, the regenerated shoots must be rooted. Rooting in in vitro 
regenerated micro-shoots was carried out both in vitro or ex vitro conditions. 
4.1.3.1 In vitro rooting 
Isolated in vitro raised shootlets were excised and submitted to different 
rooting treatments containing MS medium augmented with various auxins 
(lAA, IBA and NAA) in different concentration (0.1, 0.5, 1.0 and 2.0 ^M). 
Presence of auxins (0.5 - 1.0 |iM) in MS medium exhibited better rhizogenesis 
(Fig. 15A-B). Adventitious roots were induced directly from the shoot base 
without intervening callus phase in all the media tested. MS medium fortified 
with IBA was found superior to other auxins. A comparison of the relative 
effectiveness of different auxins for in vitro rooting revealed the order of 
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Explanation of Fig. 14A to C 
A. Culture showing shoot cluster derived from shoot tip explant, after 
initial exposure of 4 weeks to TDZ (1.0 piM). 
B. Culture showing proliferation of shoot onto control MS medium, after 
10 weeks of culture (The initial culture were exposed to 1.0 |iM TDZ for 
4 weeks). 
C. Ibid- shoot multiplication and elongation. 

effectiveness as IBA > lAA > NAA. NAA was found to be least effective and 
showed basal callusing. 
No root formation was observed on MS medium lacking PGRs (auxins). 
However, the maximum frequency (95.0 ± 1.73%) of root formation, number 
(5.2 ± 0.58) of roots with root length (3.3 ± 0.33) was achieved on MS 
medium supplemented with 1.0 ^iM IBA (Table 14). Rooting frequency was 
increased gradually and reached at maximum percentage after 4 weeks of 
culture (Fig. 15A). Mean number of 5.6 ± 0.50 roots were also formed on MS 
medium containing 1.0 fiM lAA (Fig. 15B). 
4.1.3.2 Ex vitro rooting 
Individual in vitro raised microshoots were excised from clusters and 
their basal cut end was dipped in different concentrations (100, 200, 300, 500 
and 1000 |iM) of various auxins (IBA, NAA and lAA) for 10 min, followed by 
their transfer to soilrite. Mean number of 4.8 ± 0.73 roots with 42% rooting 
frequency was observed with 500 [iM NAA (Fig. 15C). However, approximately 
all (97%) shootlets treated with 500 ^M IBA, rooted well within 2-3 weeks of 
transfer. The number of adventitious roots and root length per microshoot 
increased significantly with an increase in the concentration of IBA (Table 15) 
and 500 \xM was found to be the best for highest root formation frequency 
(97.0 ± 1.52) with maximum number (13.6 + 0.67) of roots and root length (3.3 
+ 0.45) per shoot (Fig. 15D). IBA was found most superior followed by lAA and 
NAA. Rooting of microshoots with this technique eliminates the additional in 
vitro rooting step and it also reduces the cost and time required for clonal 
multiplication. The growth rate of the plantlets was similar in all aspects when 
compared with in vitro rooted plantlets. 
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Explanation of Fig. ISA to E 
A. An in vitro rooted plantlet after a culture passage of 4 weeks on MS + 
IBA (1.0 nM), after 4 weeks of transfer. 
B. In vitro rooted shoot on MS + lAA (1.0 nM), after 4 weeks. 
C. Ex vitro rooted shootlet with NAA (500 |iM), after 4 weeks. 
D. Ex vitro rooted shootlet with IBA (500 \iM), after 4 weeks. 
E. Plantlet with well developed root and shoot, ready to transplant. 

4.1.4 Acclimatization 
Shootlets with 5-6 fully expanded leaves and a well developed root 
systenn was successfully hardened off (Fig. 15E) according to the procedure 
explained in materials and methods. After proper hardening, more than 350 
plantlets were transferred to field (Fig. 16A-C) with more than 90% survival 
rate, where they grew well and flowered normally (Fig. 16D-F). The plantlets 
thus originated directly from nodal and shoot tip explants were uniform and 
identical to donor plant with respect to growth characteristic and vegetative 
morphology. Genetic stability was also evaluated by using ISSR finger printing. 
ISSR profile exhibited genetic stability and therefore genetic variations were 
not detected in micropropagated plants. 
4.1.5 Synthetic seeds 
Success of synthetic seed technology depends on various factors such as 
concentration of encapsulation gel matrix, complexing agent and storage time 
at low temperature. 
4.1.5.1 Effect of alginate concentration on bead formation 
The morphology of encapsulated beads in respect to shape, texture and 
transparency varied with different concentrations of sodium alginate (1, 2, 3, 4 
and 5%) with CaCl2. 2H2O (100 mM). A 3% sodium alginate produce clear and 
uniform beads within ion exchange duration of 30 min (Fig. 17A-B). Higher 
concentration of Na2-alginate resulted in the production of beads which were 
hard enough and cause considerable delay in germination. However, Na2-
alginate concentration below 3% was also not suitable for encapsulation 
because resulting beads were fragile and difficult to handle (Table 16). 
4.1.5.2 Effect of CaCl2 concentration on bead formation 
Various concentrations of calcium chloride (25, 50, 75, 100 and 200 mM) 
were tested with 3% Naa-alginate solution to obtained beads with desired 
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Explanation of Fig. 16A to F 
A. Plantlets after 2 weeks of hardening. 
B. An acclimatized plantlet after 4 weeks in natural. 
C. Acclimatized plants ready to field transfer. 
D. Micropropagated plant after 8 months of growth in field. 
E. In vitro raised well established plant (one year old) in the field at 
following stage. 
F. Normal flowered branch. 

texture. The concentration of CaCIa was also influenced considerably and 100 
mM were found to be optimum for the production of uniform synseeds (Table 
17). Lower concentration of CaCl2 resulted in either non-formation or very soft 
beads which may burst during handling. Higher concentration of CaCl2 than 
optimal level (100 mM) resulted in the production of hard beads. 
4.1.5.3 Plant regeneration from alginate encapsulated nodal segments 
Nodal segments encapsulated in Na2-aglinate (3%) and CaCl2.2H20 (100 
mM) exhibited re-growth within 2-3 weeks (Fig. 17C) of incubation on MS 
medium augmented with various concentrations and combinations of Kn and 
NAA and a complete plantlets with well developed root and shoot system was 
obtained after 6 weeks of culture (Fig. 17D-E). The optimum conversion 
response (92.6%) with maximum number of roots (2.8 ± 0.58) per shoot was 
observed on MS medium supplemented with Kn (2.5 \iM) + NAA (1.0 |iM) table 
18, fig. 18A-B. 
4.1.5.4 Low temperature storage 
Storage time (0, 1, 2, 4, 6 and 8 weeks) was also found to influence the 
regeneration frequency. With the increase of storage time period, a gradual 
decrease in regeneration frequency was observed upto 4 weeks, thereafter the 
percent conversion frequency decreased considerably (about 50%) after 4 
weeks of storage at 4 °C. The percent conversion of encapsulated nodal 
segment was 71% in comparison to 43.3% of non-encapsulated nodal segment 
when cultured on MS medium containing 2.5 jiM Kn in combination with 1.0 
^M NAA (Table 19) fig. 18C-D. 
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Explanation of Fig. 17A to E 
A. Syn-seeds of Vitex negundo obtained by the encapsulation of nodal 
segments in 3% Na2 -alginate and 100 mM CaCl2. 
B. Syn-seeds transferred to germination medium. 
C. Culture showing shoot emergence from synthetic seeds after 3 weeks of 
culture. 
D. Individual seed germinated with shoot and root, after 2 weeks. 
E. Regenerated plantlets from encapsulated nodal segments. 

Explanation of Fig. 18A to E 
A. Germination of syn-seed. 
B. Germinated seed with proper shoot and root on MS + Kn (2.5 jiM) + NAA 
(1.0 nM). 
C. Ibid. 
D. Various stages during germination and complete plantlet formation. 
E. Acclimatized plantlets derived from encapsulated nodal segments. 

4.1.5.5 Establishment of plants in soil 
Fully developed plantlets with shoot and root were removed from 
culture medium, washed carefully in order to remove remnant of culture 
medium and gel-matrix, transferred to thermocol cups containing sterile 
soilrite. These were covered with transparent polybags and acclimatized by 
adopting the standard procedure (Fig. 18E). Acclimatized plants showed more 
than 90% survival rate when transferred to field under day condition, and grew 
well in the same manner as the non-encapsulated plantlets. 
4.1.6 Physiological investigations 
4.1.6.1 Total chlorophyll and carotenoids content 
During the transfer of tissue culture raised plantlets from in vitro 
condition to ex vitro, the change in chlorophyll and carotenoids content was 
estimated and it was observed that with the increase in number of days of 
acclimatization, the pigment content (both total chlorophyll and carotenoids) 
increased. Lowest chlorophyll content (0.24 mg g'^ ) was observed on 0 days of 
acclimation which was increased up to (0.89 mg g"^ ) after 20 days of transfer 
(Fig. 19). Carotenoids content were also increased (0.07 to 0.43 mg g"^ ) after 28 
days of transfer (Fig. 20). 
4.1.6.2 Net photosynthetic rate (Ppj) 
During acclimatization, net CO2 gas exchange rate was measured after 7, 
14, 21 and 28 days of transplant. During the first week after transfer the net 
photosynthetic rate (P )^ in Vitex plant decreased. After one week net 
photosynthetic rate increased again. After next two week of acclimation it 
becomes almost similar (Fig. 21). 
4.1.6.3 Carbonic anhydrase (CA) activity 
Carbonic anhydrase activity was also assessed during acclimatization 
process and it was found that, with the increase in number of days of 
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Fig. 19 Change in chlorophyll content (mg g )^ during acclimatization. The line represents 
mean ± S. E. Line denoted by the same letter within days variables are not significantly 
different (P= 0.05) using DMRT. 
0 40 
Days after transplant 
Fig. 20 Change in carotenoids content (mg g" ) during acclimatization. The line 
represents mean ± S. E. Line denoted by the same letter within days variables are not 
significantly different (P= 0.05) using DMRT. 
acclimation the carbonic anhydrase activity increased and reached up to 1.86 
after three weeks of transfer (Fig. 22). 
4.1.7 Evaluation of genetic homogeneity 
Genetic fidelity of micropropagated plants has immense practical utility 
and commercial implications. Keeping this perspective in mind and in order to 
confirm the reliability of the presently developed micropropagation protocol 
for maintaining genetic stability, we have assessed the genetic integrity using 
ISSR finger printing of ten randomly selected in vitro raised plants of Vitex 
negundo and the donor mother plant. In this analysis 20 anchored 
microsatellite primers were tested individually to amplify, out of which 4 
primers generated well resolved reproducible banding profile. 
The ISSR profile using random primers obtained through amplification of 
genomic DNA of the randomly selected in vitro derived progeny of Vitex and 
that of donor plant was similar in all aspect (Fig. 23) and the regenerated bands 
were monomorphic. The ISSR fingerprints of all primers used revealed no 
variation in the micropropagated plants which indicated the clonal or true-to-
type nature of the well developed progenies. 
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Fig. 21 Change in Net Photosyntlietic rate (nmol CO2 m'^ s'^ ) during acclimatization. The 
line represents nnean ± S. E. Line denoted by the same letter within days variables are 
not significantly different (P= 0.05) using DMRT. 
7 14 21 
Days after transplant 
28 
Fig. 22 Change in carbonic anhyrdrase activity [mM CO2 (g'^ ) fresh mass s'^ ] during 
acclimatization. The line represents mean ± S. E. Line denoted by the same letter within 
days variables are not significantly different (P= 0.05) using DMRT. 
Explanation of Fig. 23 
A profile of polymerase chain reaction (PCR) amplification products from lane 1 
- 10 micropropagated (cloned Vitex negundo) plants using inter-simple 
sequence repeats (ISSR) primers UBC - 801, UBC - 880, UBC - 899 and UBC -
900. 
M- DNA marker 
C- Control 
P-Parental (Donor mother plant) 
UBC-880 UBC-900 UBC-899 UBC-801 
MCPI 23 456 789 IOC P I 23 456 789 IOC P I 2 3 4 5 6 789 10CP1 2 3 4 5 6 78 91011 
»>v 
.,0* Azad ir^T 
4.2 Ruta graveolens 
4.2.1 Direct shoot regeneration in nodal explant 
4.2.1.1 Effect of cytokinins 
The objective of the first experiment was to identify the most effective 
growth regulator and its concentration on the multiple shoot induction from 
nodal segments of Ruta graveolens. The explants cultured on MS medium did 
not show any sign of growth and eventually necrosed. Five different 
concentrations (0.5, 2.5, 5.0, 10 and 20 fiM) of various cytokinins (BA, Kn, 2iP 
and TDZ) were tested and successful shoot bud induction from nodal explants 
was observed in all the media used but the percent response of explants 
ranged between 21-83%. 
A comparison of different PGRs showed that the maximum percentage 
response with highest number of shoot bud per explant was observed on a 
media containing BA, followed by 2iP and Kn (Table 20). At 5 ^M BA, 14.6 
shoots per nodal explant (Fig. 24A) were observed with 63% regeneration 
frequency. BA had a marked effect on shoot regeneration and the number of 
shoots per explant increased with an increase in concentration upto 10 |iM, 
thereafter, a slight decrease in shoot morphogenesis was observed. Therefore, 
10 |iM (BA) was found to be the optimum concentration with maximum 
regeneration frequency (83.6 ± 1.85%) and greatest number (22.8 ± 0.58) of 
shoots per explant (Fig. 24B). However, 70 and 73.6% cultures exhibited 
morphogenetic response on a medium containing 10 fiM Kn and 2iP 
respectively (Fig. 24C-D). Basal callusing was also observed but was removed 
during subculturing in order to check the adverse effect of callus formation 
which retarded the shoot multiplication rate. 
77 
I/) 
(U 
00 
* ; 
E 
£ 
t o 
c 
o 
c 
•Si 
o 
<u 
s 
3 
c: 
<u 
E 
00 (U 
"(5 
73 
O 
c 
E 
o 
g 
' • » - • 
c 
bO (U 
o 
o 
x : 
CO 
c 
o 
_c 
'c 
I^ 
o 
% 
u (/> 
3 
o 
' k -
> Q; 
t; 3 
tt '^  
u j O 
d 
PsI 
re 
4 ^ 
o c 
£ «-» 
«/> * ^ 
V c 
S « 
o J2 
c o 
c o 
n -c 0) M 
^ o 
01 
«/) c 
o 
a (/) u 
cc 
SR 
..^ 
S 
i 
^ !•* 
(/> k. 
o 4 ^ 
re 
3 
M 
0) 
f 
4-> 
$ 
o V . 
^D 
Q. 
«M 
C 
•^ 
< 
CQ 
- S , > £ P j 3 ^ ( U - o - a i V f a i u - o 
i c c o T H r M i / i a i O i n i n o r ^ m r ^ r o 
O c o c o r s i ^ ^ r M r O f N c o ^ r M ^ f v i r q 
c J c J c J d d d d d c J c J d d 
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
p«)0)poq«NoornT-jropfn 
d^^i^t^r^coLrivovDuJ"";!-
o o o " 
+1 +1 +1 +1 
«d; <N p 00 
Lfi <I3 U3 uS 
T) 
£ Oil U 
CO fM r^ 00 00 T - . 00 r^ »* ro 7 N 
00 
Vf) U3 O 
U> 00 LO 
d) d> o 
o o o r ' i u > t n i n c o L n v o r > . r « . 
d d d d d d d d d d d 
+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
o o o o ( i 5 o q « N o o o o u > v q o q M - ^ r N i ( N U > 
»»- o »* o ^ fN i n rH 
"& 
d 
+1 
p 
d 
00 
<N 
+1 
«X} 
fM P 
(N 
+1 
V£> 
fM 
CM 
+1 
i n 
re 
i n 
00 
r-i 
+1 
u> 
00 
re 
m 
T-i 
+1 
o 
d 
00 
U3 
(N 
+1 
vq 
rM 
o 
rJ 
+1 
q 
m 
0) 
O 
rvi 
+1 
CO 
ro 
i n 
u 
i n 
r-i 
+1 
p 
d 
•a 
P 
CN 
+1 
vo 
»-i 
U3 
O o VD ro o 
^ U3 lO ro ^ 
(N <N r j rvi <N 
+1 +1 +1 +1 +1 
ro ro vo VD VD 
T-i d ^ ro 00 
(N ro i n r^ i n 
O 
d in in p d r>j in 
o o 
d d 
o 
d 
m in p 
d rO in 
o o 
d d 
«-t CM 
o i n 
d d 
in o o o 
^ "^  2 S 
78 
O) 
E 
ro 
i/> 
OJ 
+-> 
• a 
$ 
o 
o; 
£ 
' i -
oi 
a. 
X 
o; 
TJ (U 
+ j 
ro 
di 
Q. 
0) 
k . 
4-1 
<U 1/1 
01 OJ 
I - *-> 
•5 <!' 
C ^ 
E .9-
•4 - ' 4 - ' 
ro • = 
- I 
4 - ' ' -
>_ V I 
Q- ro 
10 U 
OJ C 
S Q 
^ ^ 
o => 
f^  In 
w O 
O II 
t Q-
<" r 
•D C 
ro i_ 
T3 0) 
i2 5^ 
+1 £ 
c c 
ro ro 
O) y 
^1 
c .5P (U 10 
10 4-1 
o; o 
o . '^ (U (U l_ c -
(/) ro 
ro "Jr! 
> ^ 
Explanation of Fig. 24A to D 
A. Culture showing multiple shoots from nodal explant on MS + BA (5.0 
\xM), after 4 weeks of culture. 
B. Culture showing multiple shoot emergence in nodal explant on MS + BA 
(10.0 |iM), after 4 weeks of culture. 
C. Multiple shoot emergence in nodal explant on MS + Kn (10.0 \xM), after 
4 weeks of culture. 
D. Nodal explant with multiple shoots on MS + 2iP (10.0 |iM), after 4 weeks 
of culture. 

4.2.1.2 Effect of auxins and cytokinin 
The effect of various auxins (lAA, IBA and NAA) with the optimal 
concentration of most effective cytokinin (BA) was studied on multiple shoot 
induction from nodal explants and the observations are recorded in table 21. 
BA with NAA was found to be most effective combination for multiple shoot 
regeneration. Among the various combinations of BA and NAA, the highest 
shoot regeneration frequency (93.5 ± 1.76) and the maximum number (40.4 ± 
0.74) of shoots per explant was recorded on MS medium supplemented with 
10 |iM BA and 2.5 ^iM NAA (Fig. 25A-C). However, a decrease in number of 
shoots per explant was observed with the further increase in NAA 
concentration (Table 21). A decrease in shoot induction and multiplication was 
recorded when NAA was replaced with lAA or IBA. Among the various auxins 
tested, NAA was found to be the most effective followed by lAA and IBA. A 
number of axillary bud 4Fig. 38D) A/ere formed within three weeks of 
incubation ^rid-iiew shoot initials were developed adjacent to these axillary 
shootsaFig. 38^-F)^nd their number increased when subculturing was carried 
out onto the fresh medium. 
4.2.1.3 Effect of pH 
pH of the medium plays an important role in nutrients uptake and shoot 
proliferation. Therefore, the effect of different pH (4.6, 5.2, 5.8, 6.4 and 7.0) of 
the medium was also tested on MS medium supplied with the optimum 
concentration of BA (10.0 fiM) and NAA (2.5 fiM) combination. The optimum 
pH for the shoot multiplication and elongation was observed at 5.8 where 
maximum (40.4 ± 0.74) shoot per explant was harvested and thereafter a 
gradual decreasing trend was observed. The shoot multiplication rate was 
severally affected with the decrease in pH below 5.8 where the acidic nature of 
media inhibited shoot proliferation (Fig. 26). 
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Explanation of Fig. 25A to C 
A. Culture showing multiple shoot in nodal explants on MS + BA (10.0 piM) 
+ NAA (10.0 piM), after 4 weeks of culture. 
B. Culture showing shoot multiplication on MS + BA (10.0 |iM) + NAA (10.0 
piM), after 6 weeks of culture. 
C. Ibid-after 8 weeks. 

4.2.1.4 Effect of various media 
Media proposed by various workers greatly influenced the regeneration 
frequency due to their different formulations, that's why effect of four 
different basal media {B5, MS, WPM and L2) were also evaluated with the 
optimum concentration of BA (10.0 |iM) and NAA (2.5 j iM) for improvement in 
shoot multiplication and elongation. The MS medium was found to be the most 
suitable for maximum shoot induction (Fig. 27). WPM exhibited poor response 
for all the evaluated parameters and showed least number of shoots (6.2 ± 
0.58) per explant, while L2 expressed almost similar response to MS medium. 
However, 85 gave the satisfactory result with a mean number (9.8 ± 0.73) of 
shoots per explant. 
4.2.2 Direct shoot regeneration in shoot tip explant 
4.2.2.1 Effect of cytol<inin 
The morphogenetic response of shoot tip explant to various cytokinins 
(BA, Kn and 2iP) was evaluated. Shoot tips failed to respond morphogenetically 
to a growth regulator free MS medium but multiple shoots were induced in all 
the treatments supplemented with PGRs with varied frequencies (Table 22). BA 
supplemented medium showed the best response in terms of shoot induction, 
and could be regarded as a useful cytokinin for direct shoot regeneration from 
shoot tip explants. Multiple shoot buds were induced within 2-3 weeks of 
culture and the maximum regeneration frequency (27.6 ± 1.45) was observed 
on MS medium supplemented with 10 |iM BA, which also induced the greatest 
number (9.4 ± 4.3) of shoots with maximum shoot length (4.3cm). Thus, 10 | iM 
BA was considered as the optimum concentration for maximum regeneration. 
A comparison of the relative effectiveness of different cytokinins for multiple 
shoot formation revealed the order of effectiveness BA > 2iP > Kn (Fig. 28A-D). 
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Medium pH 
Fig. 26 Effect of medium pH on shoot proliferation from nodal segments of 
Ruta graveolens supplemented with BA (10.0 pM) in combination with NAA 
(2.5 [xM). The bars represent mean ± S.E. Bars denoted by the same letter 
within response variables are not significantly different (P= 0.05) using DMRT. 
Medium 
Fig. 27 Effect of different medium on shoot multiplication from nodal segment 
of Ruta graveolens supplemented with BA (10.0 nM) + NAA (2.5 nM). The bars 
represent mean ± S.E. Bars denoted by the same letter within response 
variables are not significantly different (P= 0.05) using DMRT. 
Explanation of Fig. 28A to D 
A. Culture showing multiple shoots in shoot tip explant on MS + BA (5.0 
HM), after 4 weeks of culture. 
B. Culture showing multiple shoots in shoot tip explanton MS + BA (10.0 
|iM), after 4 weeks of culture. 
C. Culture showing multiple shoot emergence in shoot tip explant on MS + 
Kn (10.0 nM), after 4 weeks of culture. 
D. Multiple shoots in shoot tip explant on MS + 2iP (10.0 \xM), after 4 
weeks of culture. 

4.2.2.2 Effect of auxins and cytokinin 
The efficiency of shoot induction from shoot tip explants on MS mediunn 
supplemented with cytokinin and auxins (lAA, IBA and NAA) was also evaluated 
(Table 23). A synergetic influence of NAA and BA was, however, evident when 
combinations of optimal concentration of cytokinin (BA, 10 fiM) with different 
concentration of NAA (0.5, 2.5 and 5.0 |iM) were tested. Supplementation of 
NAA enhanced the shoot proliferation rate and the best regeneration 
frequency (41 ± 2.08%) of shoot formation and mean number (12.6 ± 0.87) of 
shoots per explants were obtained in a combination 10.0 | iM BA with 2.5 | iM 
NAA. Thus, it was considered as the optimal growth regulator combination for 
maximum shoot regeneration among all the treatments. However, presence of 
lAA or IBA (0.5 - 5 fiM) with BA (10 }iM) supplemented medium; was less 
effective than NAA for shoot multiplication. A maximum number (10.6 ± 0.87 
and 9.0 ± 0.63) of shoots per explant were observed at 2.5 i^M lAA and IBA 
respectively (Table 23). 
4.2.3 Indirect organogenesis 
4.2.3.1 Callus induction from different explants 
This experiment was carried out with the objective to identify the most 
effective concentration of 2,4-D and 2,4,5-T for callus induction in various 
explants like leaf, nodal and inter-nodal segments. 
Young leaf segments were cultured on MS medium supplemented with 
various concentrations (2.5, 5.0, 10, 15 and 20 fiM) of 2,4-D and 2,4-5-T alone. 
Within 2 weeks of inoculation, successful induction of callus tissues with varied 
frequency was observed from the leaf explants in all the media tested (Table 
24). A different morphology and growth of callus was observed with different 
level of 2,4-D and 2,4-5-T. At lower concentration of 2,4-D (2.5 i^M), only 45% 
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leaf culture showed callus formation, however the frequency of callus 
induction was increased with increase in 2,4-D level. 2,4-D (10 \xM) proved to 
be the optimal concentration with maximum callus induction frequency (68.3 ± 
1.67%) and thereafter, a decreasing trend was observed. Similarly, highly 
proliferating friable callus was observed on MS medium containing 2,4,5-T (Fig. 
29D). On increasing the concentration of 2,4-5-T, a gradual increase in 
percentage of cultures forming callus was noticed (Table 24). Histological 
section of callus clearly reveals homogenous mass of parenchymatous cells (Fig. 
38A). 
Response of nodal segments for callus induction was investigated using 
both 2,4-D and 2,4,5-T on MS medium. No callus formation was observed on 
the medium lacking PGRs. Callus was initiated from cut end of the explant 
which became visible within 2 weeks. Callusing was observed in almost all 
treatments of 2,4-D and 2,4-5-T. Light brownish friable callus was observed at 
10 ^ M 2,4-D (Fig. 29B). The highest frequency 88% of light brownish white 
organogenic callus was observed on MS medium containing 10 f iM 2,4-5-T (Fig. 
29C). With an aim to increase the callus formation frequency, combination of 
lower concentration of BA (2.5 \xM) with 2,4-D in various concentrations was 
also used. The characteristics of callus was greatly affected by the 
concentration of 2,4-D and BA. The optimum concentration of 2,4-D (10.0 j iM) 
and BA (2.5 f^M) produced maximum frequency of callus formation (Data not 
shown). The calli were relatively friable and yellow in colour. Callus 
proliferation occurred within 2 weeks and the entire segments were covered 
with callus within 4 weeks period. 
Inter-nodal explants exhibited 40% callusing frequency on MS medium 
supplemented with 2.5 \iM 2,4-D after 2 weeks of incubation. As the 
concentration of 2,4-D increased, the percentage of cultures forming callus 
85 
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86 
Explanation of Fig. 29A to D 
A. Culture showing callus initiation in inter-nodal explant on MS + 2,4-D 
(10.0 \xM), after 2 weeks of culture. 
B. Culture showing brownish yellow callus induction in nodal explant on 
MS + 2,4-D (10.0 |iM), after 4 weeks of culture. 
C. Culture showing yellowish friable callus in nodal explant on MS + 2,4,5-T 
(10.0 nM), after 4 weeks of culture. 
D. Culture showing callus proliferation in leaf explant on MS + 2,4,5-T (10.0 
|iM), after 4 weeks. 

increased and reached up to 54% at 10 | iM (Fig. 25A). However, fast growing 
friable callus fornnation was observed on a medium containing 2,4-5-T (10 fiM) 
after 3 weeks of incubation (Table 24). Callus were subcultured every 3 weeks 
onto the fresh medium and showed totipotency when transferred to media 
used for plant regeneration (Fig. 30A-D). 
4.2.3.2 Shoot differentiation from leaf callus 
The light yellow friable callus was transferred to shoot bud induction 
and proliferation medium containing different concentrations (1.0, 2.5, 5.0, 7.5 
and 10 |iM) of BA and Kn. The transferred calli produced more greenish callus 
and were found highly competent for shoot bud initiation (Fig. 31A) particularly 
on a media containing 7.5 | iM BA where about 70% shoot bud induction 
frequency was recorded (Table 25). The earliest sign of shoot bud formation 
was noticeable after 3 weeks of incubation and the formation of leaves with 
shoot elongation was observed in another 3 weeks of culture. Among the 
various cytokinins tested, BA was found to be superior to Kn and induced 32.2 ± 
1.39 shoots/callus with 70 ± 2.64% regeneration frequency. At 7.5 | iM Kn, 
maximum regeneration frequency (69.0 ± 3.78%) with greatest number (27.6 ± 
1.72) of shoots per unit callus was recorded after 8 weeks of incubation. The 
histological section through differentiating calli clearly reveals the organization 
of large number of meristematic zones((Fig. 38B-Cnipading to the shoot bud 
formation. 
Effect of auxins (lAA, JBA and NAA) at different concentrations (0.5, 1.0, 
2.5 and 5.0 fiM) with optimal BA concentration (7.5 |iM) were also evaluated 
on shoot bud induction from callus tissues obtained from leaf explants. NAA in 
combination with BA affect synergistically and the maximum regeneration 
frequency (92.3 ± 2.18%) with greatest number (92.4 ± 1.12) of shoots and 
87 
00 
1 -
(U 
ro 
c 
-Si 
"5 
s 
3 
QC 
• 4 -
O 
1/1 
*-• 
c 
C L 
X 
(U 
1 4 -
ro 
E 
o 
7 3 
Oi 
c 
'ro 
+-' 
o 
to 
"TO 
u 
l/l 
"l/l 
0) 
c 
cu 
o 
o E 
+-« 
o 
o 
.n. 
l/l 
c 
o 
c 
::<^ 
C 
< 
CQ 
ra 
E 
u 
to 
c 
o 
o 
</i 
c 
ra 
a; 
o 
o 
o 
c 
c 
ra 
</i 
c 
o 
Q . 
«/) 
OJ 
vt- Of U U 
a ; ' o T ? < v ' v i * - Qi u n n 
c o i n ' i i . r ^ o o f M L n ^ L n f M 
d o d o d d d d d d 
„ +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
d r - i ( N r > i r o f n r H r H r > i r o c n 
O O r H ^ C n C n f M O V O « N ^ 
( N O f o r o r o o « N i n r > v r > j 
r H r - i < - l t H r - i r H r H T - i T - i i H 
^ +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 
d u S o ^ i ^ < ^ o ^ v r ) o ^ o d r ^ ^ 
rt TH <N m CM f H rM fNi 
l/l 
o 
JS 
bo 
o 
ca 
' o u r a n n i H - a j . o 
O r H l O ^ ^ O O L n f - H 
^ i n o q i q o q p p r ^ 
< N r > J f S < N r o r > J r o r o 
+1 +1 +1 +1 +1 +1 +1 +1 
o u s p p p u j p p r n 
d ^ ' f O u S d r - i C T i a i a i 
00 
oi 
+1 
o 
U3 
00 
PO 
+1 
u> 
o 
d 
p in p 
T-1 (N tri 
LO 
p p in p in 
d r-H oi in r^ 
88 
a; E 
ro 
l / l 
OJ 
T 3 
OJ 
$ 
O 
l/l 
c 
c (U 
£ 
^ OJ 
Q . 
X 
OJ 
•D 
<U 
+-> 
ro 0) 
Q . 
<u L . 
0) (U 
k_ 
c 
••-< 
c (U 
E 4-> 
4-> 
l -
Q . 
l / l 
(U 
' t- ' 
fO 
" Q . 
<u l _ 
o (N 
• 4 -
o L_ 
o 1-
1_ 
0) 
T3 
i _ 
• D 
C 
to 4 - ' 
l / l 
+1 
c 
ro (U 
E 
4- ' 
c (U 
l / l 
01 
Q . (U 
&. 0 1 
<U 
_ 3 
ro > 
, 4- " 
l / l 
(U 
4- " 
(U 
00 
c 
01 
Q . 
4 - ' 
3 
E 
l / l 
TO 
O 
C 
3 
Q 
bO 
c 
'i7i 
D 
In" 
o 
d II 
a. 
• ^ • ^ 
4 - ' 
c 
(U 
tt 
• o 
4 - ' 
c fO 
_o i ^ 
'c 
.5P 
1/1 
4 - ' 
O 
c (U 
k . 
ro 1 -
0) 
4 - ' 
4-1 
_a> 
Explanation of Fig. 30A to D 
A. Culture showing inter-nodal callus proliferation on MS + 2,4-D (10.0 piM) 
+ BA (2.5 \iW\), after 4 weeks of culture. 
B. Culture showing nodal callus proliferation on MS + 2,4-D (10.0 pM) + BA 
(2.5 pM), after 4 weeks. 
C. Callus proliferation on MS + 2,4-D (10.0 pM), after 4 weeks. 
D. Culture showing leaf callus proliferation on MS + 2,4-D (10.0 pM), after 4 
weeks. 

shoot length (4.1 ± 0.29 cm) was observed on a medium containing 7.5 |uM BA 
and 1.0 |iM NAA (Fig. 31B-D) while lAA and ISA were less effective (Table 26). 
A continuous process of shoot bud multiplication was also achieved 
through repeated subculturing of a portion of differentiating callus onto the 
same shoot induction medium. This was done by splitting the callus tissues into 
pieces and subcultured onto the medium containing BA (7.5 ^iM) + NAA (1.0 
HM). 
4.2.3.3 Shoot differentiation from nodal callus 
Experiments aimed at the induction of shoot bud organogenesis and 
subsequent plant regeneration involved transferring callus to shoot bud 
inducing medium containing different concentrations of BA and Kn. No 
morphogenic response was observed from callus clumps cultured on MS 
medium devoid of growth regulators. Callus tissues transferred to different 
shoot bud induction media became nodular and was found highly competent 
for shoot bud initiation. The de novo or adventitious shoot morphogenesis was 
observed from nodal callus within 4 weeks of incubation (Fig 32A) and the 
differentiation of shoot bud started within six weeks of incubation (Fig 32B-C). 
The callus cultured on MS medium responded differently onto the different 
concentrations of BA and Kn. In the entire shoot inducing media containing BA 
or Kn singly, multiple shoot buds as well as regeneration of shoot was readily 
achieved. Among the various concentrations of BA or Kn tested, the highest 
shoot regeneration frequency (76.6 ± 3.3%) and highest number of shoots 
(36.6 ± 1.40) were recorded at 7.5 ^iM of BA, however 31.6 shoots/ callus were 
also recorded with Kn (7.5 [iM). Increasing the concentration of cytokinins from 
7.5 to 10 \xM resulted in a decrease in the rate of shoot regeneration ability 
(Table 27). 
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Explanation of Fig. 31A to D 
A. Culture showing friable greenish yellow callus with green spots on MS + 
BA (7.5 iiM), 4 weeks of culture. 
B. Culture showing shoot bud emergence from leaf derived callus on MS + 
BA (7.5 nM) + NAA (1.0 ^M),4 weeks culture. 
C. Multiple shoot bud formation with 1 or 2 elongated shoots on MS + BA 
(7.5 [xM) + NAA (1.0 nM), after 6 weeks of culture. 
D. Culture showing adventitious shoots on MS + BA (7.5 pM) + NAA (1.0 
pM), after 8 weeks. 

In the second set of experiment, regeneration potential of callus tissues 
was tested on MS medium supplemented with optimum concentration of BA 
(7.5 |iM) with different concentrations of lAA, IBA and NAA (0.5-5 fiM) and the 
results obtained are summarized in table 28. Shoot buds generally arose as 
clusters within the callus (Fig. 38C-E) as well as on abaxial surfaces of the callus 
and a combination of 7.5 |iM BA and 1.0 [iM NAA gave maximum shoot 
morphogenic frequency (97.6 ± 1.45) with greatest number (98.2 ± 1.82) of 
shoots (Fig. 32D) followed by 7.5 |iM BA and 2.5 |iM lAA. Clearly, NAA showed 
the synergistic effect with BA and enhanced the induction of shoot buds from 
callus and increased the shoot morphogenic response as compared to the 
combination of other auxins (lAA or IBA) with BA. 
4.2.3.4 Shoot differentiation from inter-nodal callus 
The brownish white callus tissues were transferred to different media 
supplemented with BA and Kn. The regeneration frequency of bud primordial 
and shoot development was greatly affected by the PGRs used. Table 29 
summarizes the results obtained from different media. The shoot regeneration 
and proliferation was better in MS medium containing 7.5 |iM BA than medium 
containing Kn. BA at higher concentrations (above 7.5 |j,M) resulted in slight 
decrease in number of shoots per unit callus. In Kn supplemented media, the 
frequency of shoot regeneration was significantly increased by increasing the 
concentration of Kn (1-7.5 fiM), whereas at high concentration (10 |iM), shoot 
regeneration frequency and number of shoots per callus clump declined (Table 
29). 
Addition of auxins (lAA, IBA and NAA) also greatly influenced the 
regeneration frequency and maximum frequency (86%) was observed with BA 
(7.5 ]xM) and NAA (1.0 fj,M) combination. A trend of decreasing number of 
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Explanation of Fig. 32A to D 
A. Culture showing green spots on nodal derived callus on MS + BA (7.5 
|iM), after 4 weeks of culture. 
B. Shoot bud induction in nodal callus on MS + BA (7.5 \xM), after 6 weeks 
of culture. 
C. Culture showing shoot bud induction and proliferation on MS + BA (7.5 
HM), after 8 weeks of culture. 
D. Culture showing multiple shoot bud induction and proliferation on MS + 
BA (7.5 \xM) + NAA (1.0 \xM), after 10 weeks of culture. 

shoots was observed when concentration of NAA beyond optimal level (1.0 
|iM) was increased (Table 30). 
4.2.4 In vitro rooting and acclimatization 
The success of in vitro regeneration relies on the percent rooting of 
regenerated shoots and their survival in the field conditions. Rooting in 
regenerated shootlets did not occur on the shoot induction medium even after 
a long period of culture of more than 8 weeks. Therefore, the regenerated 
shoots were excised from shoot clusters and transferred to MS medium 
supplemented with various auxins lAA, IBA or NAA at different levels (0.5 - 2 
|iM). The presence of auxin at lower concentration in MS medium facilitates 
better rhizogenesis. MS medium augmented with IBA was found superior to 
lAA and NAA with respect to the induction of roots (Table 31). The maximum 
frequency (91.3 ± 4.1%) of root formation and the number (6.2 ± 0.4) of roots 
with root length (3.2 cm) was achieved on MS medium containing 0.5 ^M IBA 
(Fig. 33B). lAA at 0.5 jiM also exhibited 90% rooting in regenerated shoots but 
the number of roots per shoot was considerably decreased (Fig. 33A). 
About 80% in vitro raised shootlets were rooted in 0.5 |iM NAA, and 
beyond which the percent rooting response and the number of roots/ per 
shoot decreased drastically. 
A separate experiment was also carried out to optimize the IBA 
concentration in full and half-strength MS medium. In this procedure individual 
microshoot of appropriate size were excised from shoot clusters and 
transferred to MS and YiMS media supplemented with IBA (0.5 - 2.0 fiM). Of 
the several treatment tested, about 95% of regenerated microshoots produced 
roots on half strength MS medium containing 0.5 \xM IBA (Fig. 33C), however" 
lower rooting response was observed at the same concentration of IBA in full 
strength (data not shown). 
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Explanation of Fig. 33A to E 
A. In vitro rooting in regenerated shoot on MS + lAA (0.5 piM), after 4 
weel<s of culture. 
B. In vitro rooting In regenerated shoot on MS + IBA (0.5 \iM), after 4 
weeks of culture. 
C. Culture showing in vitro rooting in regenerated shoot on 34 MS + IBA (0.5 
HM). 
D. Plantlet with well developed root and shoot system, ready to transplant. 
E. Ibid. 

Tissue culture raised plantlets with 5-7 fully expanded leaves and well 
developed root system were removed from the culture vessel (Fig. 33D-E), 
washed carefully with tap water, transferred to various planting substrates and 
hardened off (Fig. 34A), adopting the procedure given in material and methods. 
Of various type of planting substrates tested, percent survival of in vitro raised 
plants was more than 70% in vermicompost, however more than 80% plantlets 
survived following transfer from soilrite to garden soil after 2 weeks. The 
plantlets thus obtained were uniform and identical to donor mother plant with 
respect to growth (Fig. 34B), Vegetative morphology (Fig. 34C), flower shape 
and size (Fig. 34D), fruiting twigs and seeds (Fig. 34E-F). 
4.2.5 Synthetic seeds 
The optimal conditions are very important for the preparation of 
characteristics beads and subsequent regeneration of synseeds. The 
encapsulated nodal segments showed different morphology with respect to 
texture, shape and transparency, with the combinations and concentrations of 
Na2-alginate and CaCl2.2H20. 1, 2, 3, 4 and 5% of sodium alginate were tested 
with 100 mM of complexing agent CaCl2.2H20. An encapsulation matrix of 3% 
sodium alginate with 100 mM of calcium chloride was found to be the most 
suitable for the formation of ideal beads. Na2-alginate below 3% were not 
suitable for proper bead formation and the resulting beads were without a 
defined shape and were too fragile to handle, whilst at higher concentration 
the beads were isodlametric and hard to cause considerable delay in 
germination. The properly formed beads were cultured on the five different 
media ( M l , M2 M3, M4 and M5) containing various concentrations of BA (1.0, 
2.5, 5.0, 10.0 and 15.0 i^M) with the combination of 2.5 f iM NAA. The 
frequency of shoot development from these cultured beads varied according to 
medium composition (Fig. 35). MS medium supplemented with 10 ; iM BA and 
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Explanation of Fig. 34A to F 
A. Healthy plantlet after 2 weeks of hardening. 
B. An acclimatized plantlet after 2 months of acclimatization. 
C. Normal vegetative growth of tissue culture raised plantlet (6 months old 
plantlet). 
D. In vitro raised plantlet with normal flower. 
E. Fruiting branches collected from TC raised plant. 
F. Fruits obtained from T.C. raised plant 
(Inset- normal seeds collected from TC raised plant) 

2.5 |iM NAA (M4) gave the maximum frequency of conversion of encapsulated 
nodal segments into shoots (Fig. 37A-C). After 4 weeks, well developed shoots 
were observed on this medium which was phenotypically normal with distinct 
nodes and internodes. Low regeneration frequency was observed on M l 
medium. Higher concentration of hormone (M5) in a medium showed the 
emergence of weak shoots with stunted growth. 
Storage time also effect the conversion of encapsulated nodal segments. 
Therefore, a separate experiment was carried with different storage time (0, 1, 
2, 4, 6 and 8 weeks). Storage at 4 °C resulted in high frequency of shoot 
proliferation (86.7%), if the beads were transferred back to the medium (M4) 
within 4 weeks (Fig. 36). Longer exposure, for 6 to 8 weeks significantly 
decreased the conversion frequency. The regenerated shoots rooted when 
excised and subjected to MS medium containing 0.5 fiM IBA. The plantlets with 
well developed shoots and roots were transferred to thermocol cups of 8 cm 
diameter containing sterile soilrite and covered with transparent polyethylene 
bags and acclimatized according to the procedure explained in material and 
method. 
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M l M2 M3 M4 MS 
Medium 
Fig. 35 Effect of different medium on in vitro regeneration form Na2-alginate 
encapsulated nodal cuttings of Ruta graveolens, after 6 weeks of culture. The 
bars represent mean ± S.E. Bars denoted by the same letter within response 
variables are not significantly different (P= 0.05) using DMRT. 
100 
2 Weeks 4 Weeks 6 Weeks 8 Weeks 
Storage duration 
Fig. 36 Effect of cold storage (4 °C) on in vitro regeneration from alginate 
encapsulated nodal cuttings of Ruta graveolens on M4 medium. The bars 
represent mean ± S.E. Bars denoted by the same letter within response 
variables are not significantly different (P= 0.05) using DMRT. 
Explanation of Fig. 37A to C 
A. Petridish containing syn-seeds obtained by the encapsulation of nodal 
segments in 3% sodium alginate and 100 mM CaCIa 
B. Syn-seed sprouting with shoot emergence on MS + BA (10.0 piM) + NAA 
(2.5 piM), after 2 weeks. 
C. Individual seed germinated with shoot after 4 weeks of cold storage. 

Explanation of Fig. 38A to F 
A. Section showing parenchymatous cells of induced callus 
B. Transverse section showing organization of meristematic zone. 
C. Ibid. 
D. Longitudinal section showing shoot bud present in axil. 
E. Longitudinal section of an axil showing multiple shoots bud 
differentiation. 
F. Shoot bud with well developed leaf primordia. 

Discussion 
Chapter-5 
DISCUSSION 
Organogenesis de novo in tissue culture has provided a useful system for 
studying the development of higher plants. Early observations by Skoog and 
Miller (1957) presented the evidence that shoot organogenesis is regulated by 
the balance of auxin and cytokinin in the culture medium. In recent years, 
shoot induction, differentiation and development were intensively studied 
using various annual plants by genetic, molecular, biochemical and cellular 
approaches (Burritt and Leung 1996, Lakshmanan et al. 1997). The process of 
organogenesis from plant tissue cultures has three main phases: 
1. Induction of explants competence, 
2. determination of cell fate following the exogenous application of the 
growth regulators, and 
3. morphogenesis. 
It has been established that shoot meristem initiation and development 
follows an ordered sequence of changes in tissue organization before they 
emerge from the explants. Later experiments, determined the sequence of 
stages in the initiation and developmental pattern of root and shoot 
organogenesis in cultured leaves of Nicotiana tabaccum (Att-field and Evans 
1991a and b). 
Development of genetic manipulation system to produce transgenic plant 
greatly depends on the establishment of a reliable and efficient regeneration 
system via organogenesis and/or embryogenesis. Regardless of the sufficient 
regeneration levels achieved for some of the medicinal plants with different 
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explant, the regeneration in many other plants remain difficult and seem to be 
strongly genotype dependent. 
In the present investigation, two medicinally important plants viz. Vitex 
negundo and Ruta graveolens have been tried in order to achieve rapid and 
reproducible in vitro regeneration system. The results obtained during the 
study have been discussed in the light of existing literature. Several explants 
can be used to propagate plants in vitro. However, the most simple and 
realistic method of cloning the plants in vitro is the single node culture that 
resulted in the production of a number of shoots that can also regenerate roots 
with ease. Nodal segments containing axillary buds have quiescent or active 
meristem which has the potential of developing into complete plantlets. In 
nature, these buds remain dormant for specific period depending on the 
growth pattern of plant. The mechanism of dominance has also been 
demonstrated to be under control of various growth regulators, the proportion 
of these regulators in the culture media can be manipulated to induce the 
regeneration of each meristem into liable shoots. The growth regulator type, 
concentration, and the source of explants played an important role during the 
optimization of culture conditions to regenerate shoot and roots in vitro. 
5.1 Direct shoot regeneration 
Nodal explants of Vitex negundo and Ruta graveolens failed to develop 
shoot buds in growth regulator free medium. In contrast, when the same 
explants were grown on culture media containing cytokinin, axillary shoots 
developed precociously, which proliferated to form clusters of secondary and 
tertiary shoots. Multiple shoot emergence from nodal explants was observed 
on MS medium containing BA at different concentrations. The role of BA in bud 
breaking and shoot formation from nodal explants has been reported in many 
plants such as Anemopaegma arvense (Pereira et al. 2003), Feronia limonia 
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(Hiregoudar et al. 2003), Annona squamosa (Nagori and Purohit 2004), 
Davidsonia spp. (Nand et al. 2004), Bupleurm raoi (Chen et al. 2006), Artemisia 
vulgaris (Sujatha and Kumar! 2007), Sida cordifolia (Sivanesan and Jeong 2007), 
Pongamia pinnata (Sugia et al. 2007) and Ulmus parvifolia (Thakur and 
Karnosky 2007). BA at the concentration of 5 |iM and 10 ^iM were found 
optimum for maximum shoot Induction in Vitex negundo and Ruta graveolens 
respectively. The Increase in concentration of BA beyond optimal level had a 
negative effect and the shoot exhibited a stunted nature with the reduction in 
number of shoots generated from each explant. These findings are In 
consonance with the results obtained earlier in Withania somnifera (Sen and 
Sharma 1991), Kaempferia galanga (Vincent et al. 1992), Vitex negundo (Sahoo 
and Chand 1998), Rauvolfia tetraphylla (Faisal and Anis 2002) and Pogostemon 
heyneanus (Hemborm et al. 2006). 
Nodal segments also started growing after 3 weeks of culture on MS 
medium containing Kn and 2IP with 20-75% regeneration frequency, whereas 
high (34-87%) regeneration frequency was exhibited by the use of BA. Thus, all 
cytoklnins (BA, Kn and 2iP) were capable of shoot Induction In nodal segments 
and BA was found to be significantly more effective than other cytoklnins. 
Similar observations with different cytoklnins have been reported in other 
plant species such as IHolostemma ada-kodien (Martin 2002), Anemopaegma 
arvense (Pereira et al. 2003), Garcinia indica (Malik et al. 2005), Morus alba and 
Morus indica (Chitra and Padmaja 2005) and Tylophora indica (Faisal et al. 
2007). 
The combination of various auxins (lAA, IBA and NAA) with the optimal 
cytokinin concentration was also studied for their ability to effect the shoot 
induction and multiplication rate and to optimize the medium composition for 
maximum plantlet regeneration in both the species. Both regeneration 
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frequency and average number of shoots produced per explants were 
enhanced significantly when compared with cytokinin only. All the three auxins 
tested were capable of inducing more than 70% explants to respond positively 
but the combination of BA (5.0 ^iM) with NAA (0.5 [iM) was found to be the 
best combination in Vitex negundo. However, the optimum response in case of 
Ruta graveolens was found at BA (10.0 |iM) + NAA (2.5 fiM). The use of NAA at 
relatively low concentrations positively enhance shoot induction in the 
presence of cytokinin at the optimal level is in agreement with the results 
obtained in Tylophora indica (Sharma and Chandel 1992), Liquidambar 
stytraciflua (Kim et al. 1997), Psoralea corylifolia (Anis and Faisal 2005), Aloysia 
polystachya (Burdyn et al. 2006), Dioscorea nipponica (Chen et al. 2007), Sida 
cordifolia (Sivanesan and Jeong 2007) and Erigeron breviscapus (Liu et al. 
2008). These result indicated that the growth regulators, BA and NAA could 
ensure in vitro regeneration and synergism of BA and NAA in proper 
concentration was extremely favourable for their multiplication. In contrast, 
deleterious effect of combination of NAA with BA was also reported in Cunila 
galioides (Fracaro and Echeverrigaray 2001), Artemisia judaica (Liu et al. 2003) 
and Garcinia indica (Malik et al. 2005). However, in Holostemma ada-liodien 
(Martin 2002) and Hagenia abyssinica (Feyissa et al. 2005), the best 
combination among various auxins (lAA, IBA and NAA) was observed on a 
medium containing BA and IBA, whereas lAA was most effective auxin with BA 
in Chonemorpha grandiflora (Nishitha et al. 2006). Almost similar response was 
observed with BA and IBA or NAA combination in case of Pogostemon 
heyneanus (Hemborm et al. 2006). 
The promoting effect of Kn and auxin on proliferation of axillary buds 
was also studied and it was observed that the combination of Kn with NAA 
produced maximum number of shoots and showed synergistic effect on shoot 
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multiplication and elongation in both the species. Similar culture response on a 
medium containing Kn and NAA has been observed in Chlorophytum 
arundinaceum, however, combination of lAA and IBA was evident in shoot 
morphogenesis of Teucrium stocksianum (Bouhouche and Ksiksi 2007). These 
reported results support the findings that the interaction of auxin and cytokinin 
(Kn) is necessary for in vitro organogenesis and high concentration of cytokinin 
and low concentration of auxin appeared to be a prerequisite for 
differentiation of adventitious buds. 
Shoot tip explant of both the species, Vitex negundo and Ruta 
graveolens were also tested for the induction of shoot morphogenesis on a 
media containing various PGRs (BA, Kn, 2iP, lAA, IBA and NAA) singly as well as 
in various combinations and concentrations. Among all the treatments tested, 
the best response was observed on a combination of cytokinin (at higher) and 
an auxin (at lower) concentration. Similar effect of auxin-cytokinin has also 
been reported in other medicinal plants such as Costus speciosus (Chaturvedi et 
al. 1984), Picrorhiza kurroa (Upadhyay et al. 1989), Holarrhena ontidysenterico 
(Kulkarni et al. 1992), Decalepis hamiltonii (Gridhar et al. 2005), Vitex negundo 
(Rani and Nair 2006) and Eclipta alba (Husain and Anis 2006a). 
Plant hormones play an important role in many aspects of growth and 
development including dormancy which may also be hormonally controlled. 
Cytokinins have been shown to stimulate or accelerate release of buds from 
dormancy. Different cytokinin generally express different activities in affecting 
axillary shoot formation in vitro (Preece and Sutter 1991). Besides, the N^ 
substituted adenine derivatives (BA, Kn and 2iP), several urea derivatives also 
have cytokinin like activity, e.g. the thidiazolylurea derivative, thidiazuron 
(Matsubara et al. 1990). TDZ was developed by Schering as a cotton defoliant 
(Arndt et al. 1976) and its cytokinin activity is similar to that of highly active N-
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phenyl-N'-4-pyridylurea derivatives (Mok et al. 1982). In addition, TDZ could be 
substituted for adenine-type cytokinins in various cell culture systems including 
both callus cultures and micropropagation of many woody plants. There is 
growing evidence that TDZ may be involved in increasing the biosynthesis or 
accumulation of endogenous cytokinin (Murthy et al. 1995). 
Therefore, the goal of this segment of current study was to determine 
the role of TDZ as cytokinin for the formation of morphologically well 
developed shoot tip and axillary shoots at various concentrations in both the 
plant species. In Ruta graveolens, TDZ showed inhibitory effect and resulted in 
abnormal shoot development whereas in Vitex negundo, the concentration of 
TDZ was highly significant on multiple shoot induction in both the explant i.e. 
nodal segment and shoot tips. Number of shoots increased with the increasing 
level of TDZ upto 1.0 |iM, thereafter a slight decrease in number of shoots was 
observed. Therefore, 1.0 ^M TDZ proved to be the optimum concentration for 
maximum regeneration in Vitex negundo. Similar response with the low 
concentration of TDZ which is most frequently used for micropropagation of 
various plant species has been reported (Huetteman and Preece 1993, Lu et al. 
1993, Khurana et al. 2005, Ahmad et al. 2006a and b, Ahmad and Anis 2007a) 
and other medicinal plants (Ledbetter and Preece 2004, Faisal et al. 2005b, 
Faisal et al. 2005c, Ahmad and Anis 2007a and b, Husain et al. 2007, Siddique 
and Anis 2006a and b). In contrast, TDZ was found to be least effective and 
yielded low shoot in comparison to other cytokinins in Vitex negundo as 
reported by Sahoo and Chand (1998) and could be because of time and 
exposure of explant with TDZ. 
TDZ has been reported to inhibit shoot elongation on prolonged 
exposure (Huetteman and Preece 1993). In the present study, continuous or 
more than 4 weeks exposure to TDZ resulted in abnormal shoot development 
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with fasciation and distortion of regenerated shoots in Vitex negundo, and this 
problem was overcome by transfer of TDZ exposed explants to a medium 
lacl<ing TDZ or on a medium containing reduced concentration of BA (1.0 ^iM) 
and NAA (0.5 (iM) combination for different time period (2, 4, 6 and 8 weel<s). 
Similar response with BA and NAA on TDZ exposed tissues was also evaluated 
in Liquidambar styraciflua (Kim et al. 1997). 
Present finding illustrated that TDZ can substitute both auxin and 
cytokinin requirement reported earlier (Chandramu et al. 2003b, Sharma et al. 
2006, Vadawale et al. 2006). There are now more than 500 publications that 
deals with various effect of TDZ on plant regeneration physiology. One of the 
reasons is due to its unique mode of action which may involve, at least in part, 
the modulation of the levels of endogenous growth regulators, polar auxin 
transport, and accumulation of proline in TDZ-induced tissues (Jones et al. 
2007). The precise mode of action of TDZ in shoot induction has remained 
elusive. The complex nature of biochemical and morphological responses that 
have been reported for plant tissues exposed to TDZ has provided some 
indication of the cascade of physiological reactions within the plant tissues but 
there have been relatively few investigations that have utilized radio lebelled 
TDZ for characterization of the fate of TDZ molecule (Murch and Saxena 2001). 
Vitex is a woody tree and availability of fresh sprout is season-
dependent. Thus, the availability of explants for the clonal propagation 
becomes a limitation. To circumvent this problem, after four sub-cultures, in 
vitro proliferated shoots (microshoots) were further used as source of explants. 
Recurrent production of shoots form microshoots has been reported in number 
of tree taxa like Caesalpinio pulcherrima (Rahman et al. 1993), Lagerstromia 
parviflora (Quraishi et al. 1997), Paulownia tomentosa (Rout et al. 2001), 
Pistacia vera (Onay 2000) and Syzygium cuminii (Jain and Babbar 2000). 
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Promotory effect of TDZ was also evident on the axillary shoot 
proliferation response of micronodes which exhibited higher regeneration 
response as compared to the nodal explant derived from tree (Data not 
shown). The micronodes from new regenerated shoots were subcultured after 
each passage to confirm the recurring nature of the developed protocol. 
Through repeated subculture of micronodes from microshoots, over 6000 
shoots could be produced in a span of 8-10 months from a single nodal explant 
derived from adult tree. 
Besides, cost-culturing, this segment of present work has eliminated the 
dependence on season for collection of plant material from the tree by 
developing a protocol for recurrent production of shoots from nodal explants 
derived from microshoots, thus making it possible to raise any number of 
clones of the selected tree at any time of the year. 
5.2 Indirect shoot organogenesis 
Crop improvement by traditional methods (mass selection, inbreeding 
and hybridization) is labour intensive and time consuming and strongly 
influenced by environmental conditions. In contrast, in vitro regeneration via 
callus culture may be a quicker and easier than conventional breeding 
technique to induce morphological and chemical variations (Gao and Bjork 
2000). Regeneration potential of cultured explant evidently depends on various 
factors such as nutrient medium, explants, temperature, length, age and 
importantly endogenous level of phytohormones (Reddy and Vaidyanath 1990, 
Malik and Saxena 1991, Gulati et al. 1996, Arora and Chawla 2005). 
Interestingly, it has been observed that in the same plant, different 
explants showed differential response for callus induction at various levels of 
growth regulators which may be explained on the basis that different explants 
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were at different biochemical status at the time of inoculation (Paterson and 
Everett 1985). 
The aim of this segment of work was to establish the composition of 
plant growth regulators in the culture medium allowing for effective 
regeneration and rooting of the shoots from the callus induced from various 
explants (leaf, nodal and internodal) of Ruta graveolens. It was observed that 
shoots were initiated through indirect organogenesis from a callus that was 
formed in the presence of all the tested PGRs. Callusing started from the cut 
end of explants and covered the whole surface within 4-6 weeks. Cut end 
served as an initiation point for callus induction and may be due to the 
accumulation of auxins at the cut portion, which stimulate cell proliferation in 
the presence of growth regulators. The observation recorded revealed that the 
fastest growing callus formation was achieved in nodal segments on MS 
medium containing 2,4-D and 2,4,5-T at various levels. The findings are in 
accordance with the results obtained in Guizotia abyssinica (Sarvesh et al. 
1993), Tylophora indica (Faisal and Anis 2003) and Withania somnifera (Rani et 
al. 2003). Addition of lower concentration of BA (2.5 |iM) to various 
concentration of 2,4-D was found to promote callus induction in all the three 
types of explants. Nodal segments were found to be superior to inter-node or 
leaf explants for callus induction. The combination of an auxin with cytokinin 
greatly affected the characteristics of callus and relatively friable and yellow 
callus was obtained on a medium containing 2,4-D (10 piM) and BA (2.5 piM) 
which is in accordance with the results obtained in Guizotia abyssinica (Sarvesh 
et al. 1993), Bacopa monnieri (Srivastava and Rajani 1999) and Potentilla 
potaninii (He et al. 2006). However, this differs slightly from the results 
obtained in Paspalum simplex (Molinari et al. 2003) and Hypericum perforatum 
(Wojcik and Podstolski 2007) who showed that medium containing 2,4-D and 
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Kn was most effective for callus growth. Combination of NAA also reported to 
promote callus induction in Leucaena leucocephala (Maity et al. 2005) and 
Stylosanthes guianensis (Mrogniski and Kartha 1981). TDZ too has been found 
to have positive effect on callus induction either singly or in various 
combinations with 2,4-D (Chang and Chang 1998, Nyochembeng and Garton 
1998, Chen et al. 2000, Lata et al. 2002, Shahzad et al. 2006). However, a 
combination of TDZ and NAA on callus induction in Cicimifuga racemosa (Lata 
et al. 2002) has also been reported. 
The growth pattern of callus as observed during the present 
investigation has clearly demonstrated that combination of auxin and cytokinin 
was absolute pre-requisites for callus induction in Ruta graveolens and also 
combination is often crucial for setting off certain physiological processes that 
could ultimately lead to the callus formation. Callus growth was enhanced 
when auxin level in the medium kept higher compared to cytokinin (Maity et al. 
2005). The improved efficiency in callus induction may be attributed to the role 
of auxins-cytokinins in DNA synthesis and mitosis (Skoog and Miller 1957). 
Auxins and cytokinins might have acted synergistically to promote either cell 
division or cell expansion depending upon other factors within the cell, which 
react with these hormones. 
Incubation of callus on a media containing cytokinin and auxin at 
different level, resulted in shoot buds differentiation in Ruta graveolens. BA 
alone at slightly higher (7.5 |iM) concentration induced the development of 
greenish nodular callus with shoot buds which later converted into shoots. 
Such response with BA has been reported in literature (Gharyal and 
Maheshwari 1990, Maity et al. 2005). Increasing concentration of BA from 7.5 
to 10.0 ^iM resulted in decrease in shoot regeneration ability in R. graveolens 
callus which is in agreement with the reports available on Coleus forskohlii 
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(Reddy et al. 2001) and Tylophora indica (Faisal et al. 2005c). Stimulation of 
shoot bud differentiation and proliferation was achieved by supplementing the 
medium with NAA at various levels with optimum concentration of BA (2.5 fiM) 
and it was observed that the presence of NAA was crucial for regeneration of 
shoot buds. Maximum morphogenetic response with highest number of shoots 
was noticed on nodal callus clumps of Ruta graveolens cultured on 10.0 \iM BA 
+ 2.5 |iM NAA. Clearly, NAA showed the synergistic effect with BA and 
enhanced shoot bud induction from callus and increased the shoot 
morphogenetic response. Similar, observations with auxin and cytokinin 
combination have been recorded in Petasites hybridus (WIdi et al. 1998), 
Eucalyptus grandis (Liu et al. 1999), Coleus forskohlii (Reddy et al. 2001), 
Tylophora indica (Faisal and Anis 2003, 2005), Leucocaena leucocephala (Maity 
et al. 2005), Potentillia potaninii (He et al. 2006) and Hypericum perforatum 
(Wojcik and Podostolski 2007). 
5.3 Rooting in regenerated shoots 
During micropropagation, rooting in microshoots is often problematic 
and losses at this stage have vast economic consequences (De Klerk 2002). At 
the same time, adventitious root formation is a fascinating scientific subject 
matter as many genotypes are recalcitrant to root (Hartmann et al. 1990). 
Thus, research on adventitious root formation is highly important from the 
practical point of view. 
Adventitious root production in isolated micro-cutting of Vitex negundo 
and Ruta graveolens was achieved in the presence of various auxins (lAA, IBA 
and NAA) in MS or /z MS medium. In both species, equimolar concentration 
(1.0 |aM in Vitex negundo and 0.5 )iM in Ruta graveolens) of lAA and IBA 
induced maximum rooting response. Similar results were reported in Garcinia 
indica (Malik et al. 2005) and Rauvolfia tetraphylla (Faisal et al. 2005b). 
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Rooting in in vitro regenerated microshoots of Vitex negundo also 
started after 2 weeks of incubation on MS medium supplemented with NAA 
with (61%) rooting frequency whereas quite high percentage (95%) of shoots 
rooted well when IBA was used. Thus, from the results obtained in V. negundo, 
it appeared that all auxins (lAA, IBA and NAA) expressed the positive response 
for in vitro root induction but IBA was found to be most effective. The 
effectiveness of IBA in rooting has also been reported in various medicinal 
plants like Liquidambar styraciflua (Kim et al. 1997), Holostemma ada-kodien 
(Martin 2002), Anemopaegma arvense (Pereira et al. 2003), Feronia limonia 
(Hiregoudar et al. 2003), Tylophora indica (Faisal and Anis 2003) and Pongamia 
pinnata (Sugia et al. 2007). However, in Artemisia vulgaris, lAA was found to be 
superior (Sujatha and Kumari 2007). 
MS strength also plays an important role in in vitro rooting as observed 
in Ruta graveolens where /4MS was found superior over MS medium, which is 
in consonance with the earlier reports viz. Cucumis sativus (Ahmad and Anis 
2005), Tylophora indica (Faisal and Anis 2005), Acacia sinuata (Shahzad et al. 
2006), Mucuna pruriens (Faisal et al. 2006c and d) and Clitoria ternatea 
(Shahzad etal. 2007). 
Time and exposure to auxin also play a critical role in in vitro rooting. In 
Vitex negundo, 1.0 fiM (IBA) proved to be the best concentration for maximum 
rooting which is in agreement with the results reported in Vitex negundo 
(Sharma et al. 2006). In contrast Chandramu et al. (2003b) and Vadawaie et al. 
(2006) achieved rooting on higher concentration of auxins in the same species. 
Superiority of combination of two auxins was also reported for the same plant 
(Sahoo and Chand 1998, Rani and Nair 2006). Short pulse treatment of higher 
concentration of an auxin prior to transfer to PGR free medium was also found 
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suitable for in vitro rooting experiment in various medicinal plants (Burdyn et 
al. 2006, Rajeshwari and Paliwal 2006, Siddique and Anis 2007a). 
In vitro rooting response is perhaps related to endogenous auxin or 
cytokinin levels. Control over the type of organ produced in culture is governed 
by the balance of exogenous and endogenous growth regulators. Cells of the 
same plant can have different endogenous levels of plant growth regulators 
and therefore it is reasonable to postulate that responses to exogenous or 
endogenous auxin also vary during in vitro rooting. Further, differences in 
rooting responses may also provide progress towards improving rooting 
efficiencies of recalcitrant genotypes (Kim et al. 1998). 
In vitro raised micro-cuttings of Vitex negundo were rooted ex vitro by 
shoot pulse treatment of various auxins prior to transfer to soilrite. High 
rooting efficiency (97%) with 500 |iM IBA was observed, which is in accordance 
with the results obtained in Annona squamosa (Nagori and Purohit 2004), 
Hydrangea quercifolia (Ledbetter and Preece 2004) and Cyomopsis 
tetragonoloba (Ahmad and Anis 2007b). However, auxin application did not 
affect the rooting response in Porteranthus trifoliantus (Bruno et al. 2007). 
Ex vitro rooting method combines rooting and hardening step, thus 
reducing the time for clonal multiplication. Rooting in microshoots of Vitex 
negundo with this technique eliminates the additional in vitro rooting steps as 
tried earlier (Sahoo and Chand 1998, Chandramu et al. 2003b, Vadawale et al. 
2006). 
Because, the environmental culture condition and auxin treatments 
were quite different, direct comparison of root development between in vitro 
and ex vitro rooting studies are difficult. The ex vitro rooting method, however, 
resulted in favorable root development and shoot growth without producing 
callus which is in consonance with the results obtained in Fraxinus 
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pennsylvanica (Kim et al. 1998) and Nyctanthes arbor-tristis (Siddque et al. 
2006). Rhizogenesis of micro-cuttings excised from greenhouse stock plants 
and shoots excised from in vitro grown plant showed similar pattern of PGR 
influence in Ulmus parvifolia (Thakur and Karnosky 2007) but the number of 
rooted shoots were higher from the in vitro grown shoot as compared to ex 
vitro grown. 
5.4 Synthetic seed production 
Numerous techniques are now available for rapid and large scale 
commercial multiplication of elite and desirable plant species in vitro. In order 
to make system economically viable, many researchers encapsulated somatic 
embryos as well as axillary buds in sodium alginate to prepare synthetic seeds 
(Bapat and Rao 1988). Na2-alginate encapsulation technique can be applied in 
conjunction with micropropagation for in vitro conservation. It can be used for 
germplasm storage or as a means to reduce the need for transferring and 
subculturing during off-season periods (West et al. 2006). 
The encapsulation of in vitro derived axillary buds has been employed in 
recent years to develop synthetic seeds in many plant species like Eucalyptus 
grandis (Watt et al. 2000), Quercus spp. (Tsvetkov and Hausman 2005), Hibiscus 
moschentos (West et al. 2006), Morus spp. (Kavyashree 2006), Pimpinella 
pruatjan (Roostika et al. 2006), Chonemorpha grandiflora (Nishitha et al. 2006), 
Rauvolfia tetraphylla (Faisal et al. 2006a) and Tylophora indica (Faisal and Anis 
2007). Successful application of encapsulation of somatic embryos has also 
been reported in various medicinal plants viz. Santalum album (Bapat and Rao 
1988), Arnebia euchroma (Manjkhola et al. 2005) and Rotula aquatica (Chithra 
et al. 2005). The alginate coat protects the micropropagules and thus has a 
practical application in germplasm exchanges and conservations. The provision 
of alginate coat as an artificial endosperm to provide nutrient is essential for 
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development of encapsulated micropropagules (Danso and Ford-Lloyd 2003). 
Therefore, the encapsulation experiment in both the plant species i.e. Vitex and 
Ruta were tested. In Vitex negundo, Kn was given in the medium at various 
level singly as well as in combination with NAA, however combination of BA 
with NAA was found suitable for in vitro conversion of encapsulated beads into 
young shootlets in Ruta graveolens. Axillary buds emerged from capsules after 
2 weeks of planting in case of Vitex. Besides supporting shoot growth, the 
treatments (Kn + NAA) also support the root growth. However, the high shoot 
growth was accompanied by low root growth. It seems that they did not need 
in vitro root induction, thus the root induction was enough to be conducted ex 
vitro prior to the acclimatization. Similar response in Pimpinella pruatjan 
(Roostika et al. 2006) and Tylophora indica (Faisal and Anis 2007) were also 
reported. The percent conversion of capsules in case of Vitex negundo was 
quite high (more than 90%), while, in Ruta graveolens, it was considerably 
reduced. 
The percentage development of plantlets from encapsulated nodal 
segments decreased as the period of storage increased beyond 4 weeks. 
Decline in conversion response could be attributed to inhibition of tissue 
respiration by the alginate matrix, or a loss of moisture due to partial 
desiccation during storage as reported earlier (Danso and Ford Lloyd 2003, 
Faisal et al. 2006a, Faisal and Anis 2007). Encapsulated nodal segments of both 
the species were viable (50%) even after 8 weeks of cold-dark storage. 
However, only 8% conversion frequency was observed in non-encapsulated 
nodal segments. The observation with cold stored encapsulated segments of 
Vitex and Ruta are in accordance with the previous studies (Kinoshita and Saito 
1990, Adrian! et al. 2000, Tsvetkov and Hausman 2005, Faisal et al. 2006a, 
Faisal and Anis 2007). 
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5.5 Acclimatization 
During the last three decades, plant micropropagation has developed 
from a laboratory curiosity to a real industry. However, it's wide spread use is 
restricted for several reasons, one of these being that a high percentage of 
micropropagated plants are lost or damaged during acclimatization i.e. transfer 
from culture vessel to soil. Due to the special environment in vitro, it is difficult 
to produce plants which can be acclimatized to the outside environment (Kozai 
1991). High humidity of the environment in vitro does not allow synthesis of 
cuticle and epicuticular wax on the epidermis of leaves of regenerated plants. 
Consequently, when such plants are transferred to a relatively less humid 
external environment, they undergo desiccation and death (Selvapandiyan et 
al. 1988). Malik et al. (2005) used medium with reduced mineral salts and 
sucrose concentration for hardening of in vitro raised shoots of Garcinia indica 
as it probably forced the regenerants to rely their own photosynthetic 
apparatus for nutrition (Kozai et al. 1988). A lengthy and cumbersome 
acclimatization procedure is required for such cultured plants during which 
they develop thickening, epicuticular wax and the mechanisms of closure of 
stomata become operative. In order to solve these problems, I have 
standardized the acclimatization technique which not only reduces the time of 
acclimatization but also allowed a high survival rate in both the plant species. 
To ensure high humidity, the transplanted in vitro raised plantlets of Vitex 
negundo and Rata graveolens were covered with clear polyethylene bags 
individually and maintained in culture room (25 ± 2°C) conditions initially for 2 
weeks (with gradual removal of polybags in order to acclimatize) and transfer 
to normal laboratory conditions for another 2 weeks, finally under full sun. In 
Vitex negundo, ex vitro rooting was also performed which eliminates the 
additional in vitro rooting step reported earlier in Vitex negundo. Potting 
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substrate (garden soil, soilrite and vermicompost) also plays an important role 
in acclimatization of plantlets and the highest survival rate for the 
micropropagated plants in both the species was achieved in vermicompost. 
Similar response of potting mixture was also recorded in Holostemma ada-
Kodidien (Martin 2002), Tylophora indica (Faisal et al. 2007), Sida cordifolia 
(Sivanesan and Jeong 2007) and Erigeron breviscapus (Liu et al. 2008). Properly 
hardened plantlets were transferred to field where they grew well without any 
detectable morphological variations. 
5.6 Physiological study 
Acclimatization is the final step in a successful micropropagation system. 
During this stage plants have to adapt to the new environment of greenhouse 
or field. Malfunctioning of the water house-keeping (hyperhydricity) as well as 
poor photosynthetic apparatus are major constraints for better acclimatization 
(Preece and Sutter 1991). After transplanting ex vitro, all the abnormalities 
caused by extreme environmental condition in the cultivation vessel need to be 
repaired. The plantlets usually need some weeks of acclimation in shade with 
the gradual lowering of air humidity (Pospisilova et al. 1998). Considering the 
importance of this step of acclimation, various physiological parameters, like 
chlorophyll and carotenoids contents, net photosynthetic rate and carbonic 
anhydrase activity was studied during the acclimatization period in the present 
study. 
The total chlorophyll (a+b) and carotenoids concentration increased 
significantly with the increase in number of days during acclimatization. A 
similar observation with chlorophyll content was also reported earlier 
(Pospisilova et al. 1999). The increase in chlorophyll concentration may be 
attributed to the induction of chlorophyll synthesis enzymes required for 
chlorophyll biosynthesis (Jeon et al. 2005). 
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Net photosynthetic rate (PN) in both the species decreased in the first 
week after transplantation and increased thereafter. The decline in 
photosynthetic rate during the first week after the transfer from in vitro to ex 
vitro condition indicates that climatic conditions create stress in 
micropropagation plants. Similar results were observed earlier in Spathiphyllum 
(Huylenbroeck and Deberg 1996) and Rosa hybrida (Genoud et al. 1999). 
Enzymatic activity has also been reported to be associated with the 
acclimatization of micropropagated plants. Carbonic anhydrase activity 
increased during the acclimatization Indicating that enzyme plays a 
determinant role in transport and exportation of sugar within the plant (Aragon 
et al. 2005). 
5.7 Genetic fidelity 
The hardened tissue culture raised clonal progeny may posses deviant 
phenotypes due to some somaclonal variations (Cullis and Clearly 1986). 
Genetic fidelity is the maintenance of the genetic constitution of a particular 
clone through its life span (Chaterjee and Prakash 1996). The occurrence of 
cryptic genetic defects arising via somaclonal variation in the regenerants 
seriously limits the broader utility of micropropagation systems (Rani and Raina 
2000). The application of higher concentration of growth regulators and the 
recurrent subculture for indefinite period hinders maintenance of genetic 
fidelity in the tissue culture clones (Sahijaram et al. 2003), somaclonal variation 
at phenotypic, cytological, biochemical and molecular levels were detected 
among micropropagated plants (Ray et al. 2006). Chemical variability in the 
medicinal plant propagation is a common problem which leads to inconsistent 
results in fundamental and applied research (Murch and Saxena 2006). A well 
characterized production system can provide small and large quantities of 
genetically and chemically consistent plants throughout the year and thus in 
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vitro germplasm maintenance and genetic stability assessment systems can be 
implemented for the preservation of important medicinal plants (Alan et al. 2007). 
Several techniques such as cytological, isozymes and molecular markers have been 
employed to detect variation if any or to confirm the genetic stability of 
micropropagated plants (Gupta and Varshney 1999). 
Culture conditions adopted during the present investigation did not seem 
to affect the genetic integrity as It was confirmed by adopting DNA based ISSR 
technique. Four primers (UBC-801, UBC-880, UBC-899 and UBC-900) that produce 
distinct amplification profiles displayed same banding pattern in the 10 randomly 
selected plants and the DNA sample taken from mother plant. This indicates the 
clonal or true to type nature of the developed progenies of Vitex negundo. ISSR 
have been proven to be a suitable molecular technique to analyze the clonal 
integrity of descendents of a single individual as well as to detect the variation that 
is induced or occurred during in vitro culture (Archak et al. 2003, Venkatchalam et 
al. 2007). ISSR technique was chosen because it amplifies different regions of the 
genome allowing better analysis of genetic stability/variation of plantlets as well 
as the simplicity and cost effectiveness which is in accordance with the result 
obtained in Prunus dulcis (Martin et al. 2004). 
In conclusion, we have established successfully a direct in vitro system for 
Vitex negundo and both direct and indirect for Ruta graveolens. 
The developed direct culture protocol is simple, one step, reproducible and 
efficient for shoot bud differentiation on medium containing various PGRs. The 
system is rapid over the other developed methods and can be completed within 
12 weeks from initiation of culture to transplantation of regenerants to soil. Since 
the plantlets were developed directly without intervening callus phase, 
somaclonal variation is avoided. Additionally, in the present study, the shoots 
induced, had thick stem and proper expanded leaves which could tolerate the 
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stress during acclimatization. This appears to be significant achievement over 
other published reports. 
Direct acclimatization (ex vitro rooting) is easy and inexpensive and allows 
an efficient and fast establishment of plant in soil which is the most important step 
in micropropagation. Rooting in microshoots with this technique eliminates the 
additional in vitro rooting step reported earlier. 
The regenerated plantlets were similar to their progenitor in relation to 
morphology and growth characteristics and can be applied for mass propagation, 
multiplication, improvement and conservation of clones of both Vitex negundo 
and Ruta graveolens. 
The developed indirect regeneration system in Ruta graveolens from callus 
provides a step towards the development of transformation system of this 
important medicinal plant. 
Future Work: 
Optimization of various PGRs and recurrent production of plantlets from 
regenerated as well as mother plant will be included in Future work beasue there 
is a need to develop an improved and efficient protocol which should be cost 
effective and can be utilized for scaling up the same. 
The success of propagation and multiplication programmes lies in the 
identification of genetically divergent material and development of genetically 
superior stock. An understanding of the extent of genetic diversity is critical for the 
success of breeding programme. Traditional methods using morphological 
characteristics for establishment of genetic diversity and relationships among the 
accessions were largely unsuccessful due to strong environmental influence. 
Hence, selection based on genetic information using molecular markers is 
essential as it is more reliable and consistent. Therefore, genetic diversity 
assessment of different genotypes of Vitex negundo and Ruta graveolens will be 
included in future scheme. The genetic diversity will be assessed using various PCR 
based molecular marker techniques Like RAPD and ISSR. 
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SUMMARY AND CONCLUSIONS 
The temperate region of Himalayas are found to be a good source of 
medicinal plants and various pharmaceutical firms still depend on the natural 
flora for their raw material. In spite of increasing demand from pharmaceutical 
industries, there is a conspicuous absence of any large-scale commercial 
plantation of many medicinal plants. The low viability and germination 
percentage of seeds in Ruta graveolens, and slow vegetative propagation with 
delicate field handling during transportation and plantation in Vitex negundo 
are some of the important factors that discourage agro-technology 
development. The raw material for the herbal industries is being consistently 
collected from natural stands. Destructive harvesting beyond sustainable limit 
and destruction of plant's habitat cause a decline in number which may lead to 
the extinction of natural population. 
Plant tissue culture technique provides a viable alternative for managing 
these valuable resources in a sustainable manner. Most importantly, 
micropropagation provides an efficient method for ex-situ conservation of 
plant biodiversity and mass multiplication of various medicinal plant species 
from a minimum of available plant material could meet the demand. 
In the present study, two medicinal plants Vitex negundo and Ruta 
graveolens were selected for their mass multiplication, propagation and 
conservation by adopting and standardizing the plant tissue culture technique. 
The results obtained during the present investigation are summarized below. 
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6.1 Vitex negundo 
Direct shoot regeneration from nodal explants was achieved on a 
medium containing various cytokinins (BA, Kn and 2iP) at various 
concentrations. However, additions of auxin at lower concentration enhanced 
the shoot multiplication rate as well as shoot number. Highest number of 
axillary shoots (16.4 ± 0.60) was achieved on MS medium containing a 
combination of BA (5.0 ^M) and NAA (0.5 ^M). 
Reduced concentration of TDZ (1.0 fiM) proved to be the optimum for 
maximum number of shoot (24.8 ± 0.06) induction in nodal explants in 4 weeks 
exposure, prior to transfer to MS basal medium or a medium containing BA and 
NAA at reduced concentration. 
Shoot tip explants were also tested for in vitro multiplication. Of the 
treatments, representing various combinations and concentrations of different 
cytokinin, BA (5.0 |iM) + NAA (0.5 \xM) was found to be the optimum for 
greatest number of shoots (4.8) per explant. Supplementation of TDZ to MS 
medium enhanced the number of shoots to 9.2 per explant. 
Callus was successfully induced using leaf explants on MS medium 
augmented with BA and 2,4-D or 2,4,5-T, singly or in various combinations. 
However, shoot bud induction was not achieved from the dedifferentiated 
tissues on the various medium tried (Data not shown). 
Effect of pH at various levels (4.6, 5.2, 5.8, 6.4 and 7.0) and various 
media (B5, MS, L2 and WPM) were also studied with optimal concentration of 
BA and NAA, and it was observed that pH at 5.8 and MS medium was found to 
be the best for harvesting large number of shoots from nodal segments. 
Adventitious root induction in regenerated shoots was readily achieved 
with various auxins (lAA, IBA and NAA) using both in vitro and ex vitro methods. 
Highest root formation frequency was achieved in MS medium supplemented 
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with IBA (1.0 ^iM) on which 5.2 roots were induced with 3.3 ± 0.33 cm root 
length. The number of roots per shootlets increased upto 13.6 in ex vitro 
rooting experiment in which proximal end of the shoot was dipped in IBA (400 
|iM) solution for 10 min prior to transfer to potting mixture (Soilrite). 
Nodal segments encapsulated in sodium alginate (Synthetic seeds) 
exhibited re-growth after 2 weeks of incubation. A combination of Kn and NAA 
in MS medium resulted in shoot and root formation simultaneously and thus 
complete plantlets were obtained on MS medium containing Kn (2.5 |iM) in 
combination with NAA (1.0 f^M). 
Cold storage of synthetic seeds was also carried out at various time 
periods (0, 1, 2, 4, 6 and 8 weeks) and it was found that after 4 weeks of cold (4 
°C) storage, the percent conversion frequency decreased considerably. 
Properly rooted shootlets were hardened off according to the procedure 
explained in material and methods. Acclimatized in vitro raised plantlets were 
transferred to field with more than 90% survival rate where they grew well, 
attained maturity and flowered normally. 
To evaluate the genetic homogeneity in the field transferred plantlets, 
PCR based molecular technique - ISSR fingerprinting of ten randomly selected 
plants was carried out. The banding profile of both the selected in vitro raised 
and donor mother plant was similar (monomorphic banding pattern) in all 
aspect which indicates the clonal nature of the well developed in vitro derived 
progenies. 
6.2 Ruta graveolens 
The individual and interactive effect of various cytokinins (BA, Kn and 
2iP) either alone or in various combinations with auxins (lAA, IBA and NAA) on 
nodal explants was determined. Highest multiple shoots in nodal explant were 
observed on MS medium supplemented with BA (10.0 \}M] where 15.S shoots 
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were observed. A significantly promotory effect of NAA with optimum 
concentration of BA (10.0 \iM) was observed on an average number of shoots 
per explant. The highest regeneration response (98.5%) with maximum (40.2) 
shoots per nodal explants was achieved on MS medium supplemented with BA 
(10.0 nM) and NAA (2.5 nM). Application of TDZ in MS medium for shoot 
induction was not suitable, as the regenerated shoot buds showed fasciation 
and distortion with hyper-hydricity (data not shown). 
Multiple shoot regeneration from shoot tip explant was also evident on 
MS medium containing various PGRs in different concentrations and 
combinations, and best response was achieved on MS medium containing BA 
(10.0 fiM) and NAA (2.5 nM) on which maximum of 12.6 shoots per explant 
was recorded. 
Callus induction from various explants (Leaf, nodal and internodal) was 
observed on MS medium containing different concentrations of 2,4-D and 2,4, 
5-T. However, combination of BA (2.5 |iM) and 2,4-D (10.0 fiM) was found to 
be the optimum for maximum callus induction (95%) in nodal explants. 
Shoot bud induction was observed when callus tissues were transferred 
to MS medium containing various cytokinins singly or in various combinations 
with auxins (lAA, IBA and NAA). Maximum adventitious shoot bud (98.2%) 
formation was achieved on MS medium containing a combination of BA (7.5 
^M)andNAA(1.0|iM). 
In vitro regenerated shoots were readily rooted when transferred to 
different medium containing auxins. Best rooting response was achieved on Yi 
MS medium supplemented with 0.5 |iM IBA on which more than 90% shootlets 
were rooted. Ex vitro rooting was also attempted but the rooting response was 
very low (Data not shown). The in vitro raised plantlets with well developed 
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shoots and roots following acclimatization were transferred to field conditions 
with more than 90% survival rate. 
Synthetic seeds were produced from nodal segments and the best 
complexation of synseeds was observed with 3% sodium alginate and 100 mM 
CaCl2. MS medium supplemented with BA (10.0 |aM) with NAA (2.5 |iM) gave 
the maximum frequency of conversion of encapsulated nodal segments. Cold 
storage at 4 °C resulted in high frequency of shoot proliferation (87.7%) when 
transferred back to regeneration medium. 
The following conclusions have been drawn from the present study: 
1. Explants treated with HgCl2 (0.1%) for 7 and 5 min, was found best for 
surface sterilizations of explants of Vitex negundo and Ruta graveolens 
respectively. 
2. For culture initiation, MS medium with BA (5.0 ^iM) for Vitex negundo 
and BA (10.0 ^M) for Ruta graveolens was found optimum in nodal 
explants. 
3. Best shoot multiplication was achieved on MS medium containing BA 
(5.0 ixM) and NAA (0.5 ^iM) in Vitex negundo and BA (10.0 |iM) + NAA 
(2.5 |iM) in Ruta graveolens. 
4. Enhanced multiple shoot induction was achieved with four week 
exposure to MS medium containing TDZ (1.0 |iM), prior to transfer to 
MS basal medium in Vitex negundo. 
5. Callus was induced from leaf, nodal and intermodal explants of Ruta 
graveolens. The maximum frequency of organogenic callus was obtained 
on MS medium containg 2,4-D (10.0 ^M) and BA (2.5 |iM) in nodal 
explants. 
6. Maximum adventitious shoots was achieved in nodal callus on MS 
medium containing BA (7.5 fiM) + NAA (1.0 |iM) combination. 
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7. Rooting was achieved on IVIS + IBA (1.0 |iM) in Vitex negundo, however 
Vi MS medium supplemented with IBA (0.5 |iM) showed optimum 
rhizogenesis in Ruta graveolens. 
8. Ex vitro rooting was also readily achieved with IBA (500 |iM) in Vitex 
negundo. 
9. The Na2-Aliginate encapsulated nodal segments of the plants showed re-
growth ability after 4 weeks of storage at 4 °C in both the species. 
10.The in vitro regenerated plantlets showed more than 90% survival rate 
when transferred to field after proper hardening. 
ll.Soilrite and vermicompost showed beneficial effect on hardening of in 
vitro raised plantlets. 
12. Based on preliminary study using ISSR markers, regenerated plants were 
found to be the similar to the mother plant. 
The present study describes an affordable, reproducible and year-round 
method for the production of(geaetica%.unifeffnjplants. In other words the 
present work connotes the successful production of Vitex negundo and Ruta 
graveolens in high number, highlighting the role of tissue culture in 
multiplication of economically important medicinal plant. Conservation and 
cultivation of medicinal plants is important under the present scenario of the 
ever-mounting pressure of urbanization on the habitat of the plant, their 
destructive harvesting and lack of cultivation. Encapsulation of nodal segments 
opens the windows for conservation and propagation which can be applied for 
germplasm exchange, delivery and storage, since viability is not compromised 
by encapsulation and short-term storage which may be suitable for practical 
application in micropropagation. 
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